ESTABLISHING GROWING DEGREE DAY ESTIMATES TO PREDICT CRITICAL GROWTH STAGES IN SOFT RED WINTER WHEAT by Snyder, Ethan J.
University of Kentucky 
UKnowledge 
Theses and Dissertations--Plant and Soil 
Sciences Plant and Soil Sciences 
2018 
ESTABLISHING GROWING DEGREE DAY ESTIMATES TO PREDICT 
CRITICAL GROWTH STAGES IN SOFT RED WINTER WHEAT 
Ethan J. Snyder 
University of Kentucky, ethan.snyder520@gmail.com 
Digital Object Identifier: https://doi.org/10.13023/ETD.2018.020 
Right click to open a feedback form in a new tab to let us know how this document benefits you. 
Recommended Citation 
Snyder, Ethan J., "ESTABLISHING GROWING DEGREE DAY ESTIMATES TO PREDICT CRITICAL GROWTH 
STAGES IN SOFT RED WINTER WHEAT" (2018). Theses and Dissertations--Plant and Soil Sciences. 98. 
https://uknowledge.uky.edu/pss_etds/98 
This Master's Thesis is brought to you for free and open access by the Plant and Soil Sciences at UKnowledge. It has 
been accepted for inclusion in Theses and Dissertations--Plant and Soil Sciences by an authorized administrator of 
UKnowledge. For more information, please contact UKnowledge@lsv.uky.edu. 
STUDENT AGREEMENT: 
I represent that my thesis or dissertation and abstract are my original work. Proper attribution 
has been given to all outside sources. I understand that I am solely responsible for obtaining 
any needed copyright permissions. I have obtained needed written permission statement(s) 
from the owner(s) of each third-party copyrighted matter to be included in my work, allowing 
electronic distribution (if such use is not permitted by the fair use doctrine) which will be 
submitted to UKnowledge as Additional File. 
I hereby grant to The University of Kentucky and its agents the irrevocable, non-exclusive, and 
royalty-free license to archive and make accessible my work in whole or in part in all forms of 
media, now or hereafter known. I agree that the document mentioned above may be made 
available immediately for worldwide access unless an embargo applies. 
I retain all other ownership rights to the copyright of my work. I also retain the right to use in 
future works (such as articles or books) all or part of my work. I understand that I am free to 
register the copyright to my work. 
REVIEW, APPROVAL AND ACCEPTANCE 
The document mentioned above has been reviewed and accepted by the student’s advisor, on 
behalf of the advisory committee, and by the Director of Graduate Studies (DGS), on behalf of 
the program; we verify that this is the final, approved version of the student’s thesis including all 
changes required by the advisory committee. The undersigned agree to abide by the statements 
above. 
Ethan J. Snyder, Student 
Dr. Carrie A. Knott, Major Professor 
Dr. Mark S. Coyne, Director of Graduate Studies 
ESTABLISHING GROWING DEGREE DAY ESTIMATES TO PREDICT CRITICAL 
GROWTH STAGES IN SOFT RED WINTER WHEAT 
________________________________________________________________________ 
THESIS 
________________________________________________________________________ 
A thesis submitted in partial fulfillment of the  
requirements for the degree of Master of Science in 
the College of Agriculture, Food and Environment 
at the University of Kentucky 
By 
Ethan Joseph Snyder 
Lexington, Kentucky 
Director: Dr. Carrie A. Knott, Assistant Extension Professor 
Lexington, KY 
2018 
Copyright © Ethan Joseph Snyder 2018 
ABSTRACT OF THESIS 
ESTABLISHING GROWING DEGREE DAY ESTIMATES TO PREDICT CRITICAL 
GROWTH STAGES IN SOFT RED WINTER WHEAT 
Predicting developmental growth stages in soft red winter wheat (Triticum 
aestivum L.) (SRWW) could improve agronomic management in Kentucky.  However, 
predicting SRWW development is complex due to vernalization requirement and 
photoperiod sensitivity differences of cultivars.  The objectives of this study are to (1) 
determine ability of Kompetitive Allele Specific PCR (KASP) genotyping to predict 
phenotype; (2) determine the relative vernalization requirement (RVR) of 50 SRWW 
cultivars in a greenhouse (GH) assay; and (3) measure growing degree-days (GDD) 
required by cultivars to reach eight growth stages in a field assay.  Fifty SRWW cultivars 
were characterized with 14 KASP markers for Vrn and Ppd loci.  Additionally, cultivars 
were grown in a GH, vernalized outdoors for three, six, or nine weeks, and moved back 
into the GH where days to full flower were measured.  Cultivars were also seeded into 
hill plots monthly from October to March at Princeton (2016; 2017) and Lexington, KY 
(2017) in three field trials.  Cumulative GDD to emergence, green-up, pseudo-stem 
erection, jointing, flag leaf, beginning flower, full flower, and harvest maturity were 
measured.  Field trials and supporting historical wheat development data suggest that 
prediction of SRWW growth and development is possible using a cumulative GDD scale 
in Kentucky. 
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Chapter 1 : Literature Review 
Introduction 
Common wheat (Triticum aestivum L.) is of importance to the global and national 
food supply.  Globally, more than 729,000,000 MT of wheat were harvested from 
220,417,000 ha during the 2014 wheat-growing season (FAO, 2014).  In the United 
States, 58,600,000 MT of wheat were harvested from 17,700,000 ha in 2016 (USDA, 
2016).  At the national scale, average wheat yield for 2016 was 3,537 kg ha-1 with an 
average price of $151.02 MT-1 (USDA, 2016).  Over the past ten years, wheat production 
in Kentucky has averaged 178,470 ha per year.  The greatest area of wheat production in 
Kentucky since 2006 took place in 2013 when 246,863 ha were harvested and grain price 
was $241.41 MT-1.  The smallest area of wheat production for Kentucky since 2006 was 
78,915 ha in 2010 when grain price was $210.54 MT-1.  In general, soft red winter wheat 
production in Kentucky follows the average market price received for wheat grain. 
Wheat Classes  
Wheat is divided into classes based upon kernel hardness, color, and growing season.  
According to the U.S. Wheat Associates Organization, there are six classes of wheat 
grown in the United States: hard red winter wheat, soft red winter wheat, hard red spring 
wheat, hard white wheat, soft white wheat, and durum wheat (T. turgidum L. spp. durum) 
(U.S.Wheat, 2017).  Hard red winter wheat is grown in the Great Plains primarily in 
Kansas, Montana, Nebraska, Oklahoma, South Dakota, and Texas with localized areas of 
production in California, North Dakota, and Minnesota (U.S.Wheat, 2017).  Soft red 
winter wheat is grown around and east of the Mississippi River with the majority of 
production taking place in Arkansas, Illinois, Indiana, Kentucky, Missouri, Mississippi, 
and Ohio, with localized production in Alabama, Georgia, Louisiana, North Carolina, 
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South Carolina, Tennessee, and Virginia (U.S.Wheat, 2017).   Hard red spring wheat is 
grown in the northern plains states of Montana, North Dakota, and South Dakota with a 
significant amount grown in western Minnesota as well (U.S.Wheat, 2017).  Hard and 
soft white wheats are grown in the drier regions of the Pacific Northwest including Idaho, 
Oregon, and Washington with small areas of production in Michigan and New York 
(U.S.Wheat, 2017).  Durum wheat is grown mainly in Arizona, California, Montana, and 
North Dakota (USDA, 2010).   
Kernel hardness is one of the most important properties of wheat, which ultimately 
determines its end use (Pauly, et al., 2013).  Kernel hardness is the amount of force 
needed to crush the kernel during the milling process (Newton, et al., 1927; Pauly, et al., 
2013).  For common wheat, there exists a range of hardness from very soft to hard.  In 
general, soft wheat flour requires the least crushing force and possesses lower protein and 
damaged starch levels making it more suitable for the production of crackers, biscuits, 
cakes, and pastries (Pauly, et al., 2013).  Conversely, hard wheat requires more crushing 
force and yields flour with higher protein concentrations more desirable for bread-making 
(Pauly, et al., 2013).  Finally, durum wheat possesses the hardest kernel of any wheat 
class and requires the most crushing force.  Durum wheat is the preferred wheat for use in 
pasta production (Pauly, et al., 2013).   
Wheat is also classified as red or white referring to kernel color as influenced by red 
pigments in the seed coat (Nilsson-Ehle, 1909; Strickberger, 1976; Wang, et al., 1999).  
Wheat kernel color is of importance since red and white wheats have differing taste, flour 
color, and milling characteristics (Dowell, 1997).  In certain markets, flour color is 
regarded as the primary criteria for flour quality, especially when product color is of 
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importance (Yasunaga and Uemura, 1962).  Red wheat bran possesses higher amounts of 
phenolic compounds and tannins resulting in whole- wheat products with a more bitter 
flavor (Ransom, et al., 2006).  Whole-wheat products produced with white wheat are 
more visually appealing due to decreased levels of pigment in the seed coat (Ransom, et 
al., 2006).  Overall, white wheat produces higher flour yield than red wheat since it can 
be milled closer to the bran without the negative qualities of bitterness and off color flour 
(Ransom, et al., 2006). 
Spring and winter wheat types are classified according to the season in which the crop 
is seeded.  Spring wheat is sown in late spring and harvested in late summer of the same 
calendar year.  Winter wheat is sown in the fall, goes into dormancy through the winter, 
and is harvested in the early summer months the following calendar year (USDA, 2010). 
Wheat Developmental Stages 
There are two growth stage systems that are typically used to describe wheat 
developmental stages: Feekes (Feekes, 1941) and Zadoks (Zadoks, et al., 1974).  
Producers and agronomists more commonly use the Feekes system since most pesticide 
labels in the United States use this system.  The Feekes scale ranges from 1 to 11.4, 
which describe seedling emergence to harvest maturity, respectively (Feekes, 1941).  The 
Zadoks scale is more detailed; it ranges from 1 to 99 and describes seed germination to 
seed ripening of the subsequent wheat head produced (Zadoks, et al., 1974).  Both scales 
are detailed enough to capture the occurrence of important developmental stages for 
wheat, which are important for fertilizer and pesticide management.  Winter wheat 
development from germination (Zadoks 01) to double ridge (Feekes 3; Zadoks 25) and 
from double ridge to terminal spikelet (Feekes 6; Zadoks 31), is influenced by 
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temperature, vernalization, and photoperiod (Hunt and Pararajasingham, 1995).  In field 
settings, it can be unclear which of the three environmental effects has the most effect on 
winter wheat growth and development until jointing (Feekes 6).  The double ridge growth 
stage signifies that the plant’s apical meristem will no longer produce primordial leaves, 
but will instead produce primordial spikelets of the young wheat head (Rawson and 
Gomez-Macpherson, 2000), while at terminal spikelet the young wheat head has 
produced all of its spikelets (Rawson and Gomez-Macpherson, 2000) and the plant’s 
growing point is elevated above the soil surface (Knott, 2016b).  Therefore, differences 
among cultivars in vernalization requirement and photoperiod sensitivity could cause 
stark differences in the way that weather and climate variability affect wheat yield.  From 
terminal spikelet to flag leaf (Feekes 9; Zadoks 39) and from flag leaf to beginning 
flower (Feekes 10.5.1; Zadoks 60) development is influenced by both temperature and 
photoperiod (Hunt and Pararajasingham, 1995).  The flag leaf is the last leaf to emerge 
from the developing wheat plant and is responsible for about 75 to 80% of photosynthesis 
for grain fill (Knott, 2016b); therefore; hindrance in flag leaf development could have 
negative effects on yield.  During anthesis (Feekes 10.5.1; Zadoks 60 to Feekes 10.5.3; 
Zadoks 68) and through the end of the grain fill period (Feekes 11.3; Zadoks 91) wheat 
development is driven by temperature alone (Hunt and Pararajasingham, 1995).  Since 
anthesis marks the beginning of the grain set period (Rawson and Gomez-Macpherson, 
2000) and dry matter accumulation to the kernel continues through Feekes 11.3 (Knott, 
2016b; Rawson and Gomez-Macpherson, 2000), temperatures above or below the 
optimal range for seed set and grain fill could decrease winter wheat yields. 
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Advantages of Winter Crops 
Several known benefits of sowing winter cover crops, such as wheat, directly relate to 
sustainable agriculture production.  These benefits include reduction of nitrogen losses, 
control of water and wind erosion, and reduction of phosphorous losses.  There is 
evidence of grass cover crops having the ability to scavenge residual nitrogen before the 
nutrients have an opportunity to leach into groundwater (Dabney, et al., 2001).  
Consequently, a Maryland study reports that compared to no ground cover, winter cereal 
cover crops can reduce nitrate (NO3-) leaching by as much as 50% in wet years and as 
much as 95% in dry years (Meisinger and Ricigliano, 2017).  By slowing wind and water 
velocity and maintaining large soil aggregate size, cover crops can also greatly reduce 
water and wind erosion through the winter months (Dabney, et al., 2001; Sharpley and 
Smith, 1991).  Phosphorous, in particular, is commonly bound to sediment and moved 
into surface water via runoff.  Sediment-bound phosphorous makes up 60 to 90% of 
phosphorous transported to surface waters from cultivated lands (Sharpley, et al., 2000).  
There is considerable research showing that implementing cover crops, especially winter 
wheat, can help decrease phosphorous losses through surface runoff (Sharpley and Smith, 
1991; Yoo, et al., 1988).  Therefore, including a winter cover crop in annual rotations has 
great potential to reduce nutrient and sediment losses from current agricultural production 
systems.   
Challenges to Kentucky Wheat Production 
Winter wheat production can be particularly challenging in Kentucky due to the risk 
of spring freeze damage and the complicated nature of predicting wheat development 
(Lee, et al., 2009).  Freezing temperatures occur often during the spring months in 
Kentucky (NWS, 2017a; NWS, 2017b), however, only in certain years do these freeze 
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events have a significant negative effect on winter wheat yield.  Winter wheat is at the 
highest risk for spring freeze injury when low temperatures occur after the plant’s 
growing point is elevated above the soil surface (Lee, et al., 2009; Paulsen, 1997).  
However, the critical low temperature for injury to occur to the growing point or 
developing head varies with the plant’s progression past jointing (Feekes 6) (Lee, et al., 
2009; Shroyer, et al., 1995).  In general, for freeze damage to occur, wheat must be 
exposed to specific critical temperatures for more than two hours.  At Feekes 6, winter 
wheat’s active growing point becomes elevated above the soil surface and is susceptible 
to damage when exposed to temperatures of ≤ -4°C (Lee, et al., 2009; Shroyer, et al., 
1995).  Later in development, during the boot stage (Feekes 10), the critical temperature 
for damage to the wheat head increases to ≤ -2°C (Lee, et al., 2009; Shroyer, et al., 1995).  
Once the wheat head is fully emerged (Feekes 10.5) through flowering (Feekes 10.5.4) 
the critical temperature for damage to the head increases again to ≤ -1°C since this is the 
period when the head is most sensitive to freeze damage (Lee, et al., 2009; Shroyer, et al., 
1995).  From the medium milk stage of wheat grain development (Feekes 11.1) through 
the dough stage of wheat grain development (Feekes 11.2), critical temperatures for head 
damage again increase to ≤-2°C (Lee, et al., 2009; Shroyer, et al., 1995).  These critical 
temperatures are guidelines for the occurrence of freeze damage and adequate yield can 
still be produced even when wheat is exposed to such temperatures since plant moisture 
content, duration of exposure, wind, and precipitation all play a role in the degree of 
winter freeze injury (Lee, et al., 2009; Shroyer, et al., 1995).   
Annual weather variability can greatly influence winter wheat growth and 
development in Kentucky.  For example, in 2014, Kentucky experienced unusually cold 
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late winter and spring weather causing delays to winter wheat development by as much as 
two to three weeks (Knott, 2014).  In contrast, during the spring of 2017, Kentucky wheat 
was at a more advanced growth stage during February since temperatures had been 
unseasonably warm since wheat sowing in October (Knott, et al., 2017).  Predicting the 
occurrence of management related growth stages would be of value to Kentucky wheat 
producers; particularly with such wide swings in our weather preventing producers from 
managing profitable wheat crops by the calendar (Knott, 2014).  Not only would 
predicting wheat development allow producers to assess for potential freeze damage, but 
also it would assist in the logistics of effective winter wheat management.  In particular, 
nitrogen applications to Kentucky winter wheat are most often split applied and made in 
early to mid-February at the Feekes 3 growth stage and mid to late-March at the Feekes 5 
growth stage (Murdock, et al., 2009; Murdock and Ritchey, 2014).  Producers could 
potentially make more cost effective liquid nitrogen purchases with a more accurate 
prediction of Feekes 3 growth stage timing.  Accurate predictions for Feekes 6 and 
Feekes 9 would be valuable for determining where time should be spent scouting for 
disease and insect pressure as scouting is normally completed at these developmental 
stages.  Additionally, research shows fungicides applied to winter wheat for control of 
Fusarium Head Blight (caused by Fusarium graminearum) are most effective when made 
at Feekes 10.5.1 (D'Angelo, et al., 2014; McMullen, et al., 2000.; Paul, et al., 2008).  The 
ability to predict the occurrence of Feekes 10.5.1 could potentially help producers and 
consultants decide when fungicides should be used for wheat based on current growth 
stage and integrated pest management recommendations for Fusarium Head Blight.     
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Environmental Factors Affecting Wheat Development 
Temperature is considered the main environmental factor in the determination of crop 
growth and development since all plants are sensitive to it (Frank, et al., 1987; Midmore, 
et al., 1984; Porter and Gawith, 1999).  Growth stage prediction based upon temperature 
is common in corn production as producers have access to extension publications 
allowing them to predict timing of corn development through the calculation of growing 
degree days (Abendroth, et al., 2011; Lee, 2011).  Unfortunately, establishing similar 
predictions of growth stages based on growing degree days is much more complicated for 
winter wheat due to differences in vernalization requirement (Davidson, et al., 1985; Hay 
and Kirby, 1991; Heurer, et al., 1978; McMaster and Smika, 1988; Streck, et al., 2003) 
and photoperiod sensitivity (Angus, et al., 1981; Cao and Moss, 1997; Heurer, et al., 
1978; McMaster and Smika, 1988; Streck, et al., 2003).     
Temperature 
It is well known that all wheat developmental stages are affected by temperature 
(Addae and Pearson, 1992; Angus, et al., 1981; Hunt and Pararajasingham, 1995; Hunt, 
et al., 1991; Porter and Gawith, 1999; Rahman and Wilson, 1978; Slafer and Rawson, 
1994; Slafer and Rawson, 1995a; Slafer and Rawson, 1995b; Wheeler, et al., 1996).  
However, it is difficult to apply one response of developmental rate to temperature across 
all developmental phases and varieties.  Response of wheat to increased temperatures in 
the range of 5 to 25°C during germination is reported to be linear (Addae and Pearson, 
1992; Angus, et al., 1981), while optimum temperatures reported for emergence range 
from 20.4 to 23.6°C (Porter and Gawith, 1999).  From emergence to anthesis, Addae and 
Pearson (1992) reported a non-linear response of wheat development to increased 
temperature, while Slafer and Rawson (1995b) reported a linear response between 4°C 
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and 5.5°C, a curvilinear response between 10°C and 19°C, and little effect of temperature 
on development above 19°C.  Porter and Gawith (1999) report leaf initiation and 
development rates to be linear between 0 and 15°C.  Rahman and Wilson (1978) suggest 
that response of wheat development to temperature is stronger from jointing to the boot 
stage (Feekes 10) than from double ridge to jointing with temperatures between 9.3 and 
11.9°C being optimal for spikelet initiation (Porter and Gawith, 1999).  Additionally, 
development between terminal spikelet and anthesis is reportedly not influenced by 
temperature increase up to 16°C, but is decreased by temperatures beyond 19°C (Slafer 
and Rawson, 1995a).  Temperatures lower than 9°C and higher than 31°C are reported to 
have a negative effect on the anthesis period of wheat through the production of infertile 
florets and sterile grains (Porter and Gawith, 1999).  Grain dry weight accumulation rate 
is known to increase with temperature, but responses of grain fill rate to temperature have 
been reported as curvilinear (Hunt, et al., 1991) as well as linear up to temperatures of 
16°C (Wheeler, et al., 1996).  Optimum temperatures for grain fill are reported to range 
from 19°C to 22°C with minimum and maximum temperatures of around 12°C and 37°C, 
respectively (Porter and Gawith, 1999).   
Vernalization 
Winter wheat must be vernalized in order to initiate reproductive growth (Chouard, 
1960; Hay and Kirby, 1991). The current formal definition for vernalization is defined as 
the acquisition or acceleration of the ability to flower by a chilling treatment (Chouard, 
1960).  Many investigations examined the optimal temperatures for vernalization of 
winter wheat (Davidson, et al., 1985; Guedira, et al., 2014; Masle, et al., 1989; Trione 
and Metzger, 1970).  In general, optimal vernalization temperatures for most winter 
cultivars are thought to be between 0°C and 7°C while vernalization can occur between 
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0°C and 12°C (Guedira, et al., 2014; Ritchie, 1991).  Temperatures of -1°C or less or 
greater than 12°C have been identified as insufficient for vernalization to occur (Ritchie, 
1991; Trione and Metzger, 1970).   
Required vernalization duration varies among different winter wheat cultivars where 
a few weeks is often enough vernalization to initiate flowering, but longer periods can 
still initiate flowering more quickly up to the point where vernalization requirement is 
fully met (Davidson, et al., 1985; Guedira, et al., 2014; Masle, et al., 1989).  In one 
instance, even cultivars known to require long vernalization periods only required 5 to 20 
effective vernalization days for sufficient vernalization as the cultivars eventually reached 
anthesis (Masle, et al., 1989).  Trione and Metzger (1970) suggest that vernalization can 
take from two to ten weeks for completion depending upon the variety, but winter wheat 
rarely responds to vernalization periods greater than 60 days within the effective range of 
temperatures (Cao and Moss, 1997; Davidson, et al., 1985; Masle, et al., 1989).   
There are several different ways to quantify vernalization with the most common 
being a vernalization optimum where days are accumulated when temperature is in the 
optimum range for vernalization.  Vernalization days can be calculated using relative and 
daily vernalization effectiveness based upon the effects of optimum, minimum, and 
maximum temperatures on wheat development at different stages and 50 vernalization 
days is reported to be sufficient for all winter wheat cultivars (Ritchie, 1991).  Once the 
vernalization requirement has been met for winter wheat, reproductive development is 
primarily affected by genes in the photoperiod pathway, similar to the way spring wheat 
controls reproductive development (Snape, et al., 2001).   
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Photoperiod 
Photoperiod sensitivity was first described when Garner and Allard (1920) reported 
that many plants require exposure to a defined number of daylight or dark hours in order 
for reproductive growth to occur.  Wheat is described as photoperiod insensitive if the 
cultivar does not respond to photoperiod in any developmental phase and photoperiod 
sensitive if the duration of at minimum some of its development phases decreases with 
longer photoperiod (Sadras and Calderini, 2015).  Among wheat cultivars classified as  
photoperiod sensitive, there is a huge range of genotypic variation (Sadras and Calderini, 
2015).  There are many investigations examining the optimal photoperiod for winter 
wheat growth and development (Cao and Moss, 1997; Major and Whelan, 1985; Masle, 
et al., 1989; Rahman and Wilson, 1978; Sadras and Calderini, 2015; Slafer and Rawson, 
1994).  The critical photoperiod for wheat development is around 20 hrs, which below 20 
hrs will inhibit development (Slafer and Rawson, 1994).  Sensitivity to photoperiod for 
floral initiation varies among cultivars and the minimal optimal photoperiod ranges from 
15 hrs to 17.1 hrs (Major and Whelan, 1985; Masle, et al., 1989).  Increasing photoperiod 
beyond 15 hrs for some cultivars would not decrease the amount of time required by 
wheat to reach lemma appearance, while for photoperiod sensitive cultivars increasing 
the photoperiod would hasten the lemma appearance.  In wheat, stimulation of the plant 
through photoperiod is perceived by the plant’s leaves and transmitted to the apex of the 
plant with optimum photoperiod maximizing the plant’s rate of development (Sadras and 
Calderini, 2015).  Initiation of flowering in winter wheat is delayed with inadequate 
photoperiod and interactions exist between temperature and time measurement in 
photoperiodism (Masle, et al., 1989).  Rahman and Wilson (1978) described that 
genotypes with a greater floral initiation response to photoperiod also have a lower 
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tolerance to increased temperature.  A common quantification of photoperiod is relative 
photoperiod effectiveness calculated by Cao and Moss (1997), which depends upon the 
effective photoperiod as well as a photoperiod sensitivity coefficient.   
Current Prediction Methods 
There has been interest in using prediction models for wheat development for many 
years.  As early as 1834 ‘degree-days’, calculated as the product of mean daily 
temperature above 0°C for a given period, was used to express the amount of time 
required for grain to ripen (Robertson, 1968).  The limits of calculating ‘degree-days’ 
were brought up in 1955 when the model was determined highly variable and site 
specific.  The concept of ‘photothermal units’ was then introduced as daily ‘degree-day’ 
value multiplied by the day length (Nuttonson, 1955).  The ‘photothermal unit’ concept 
failed as it was not universal, but was successful in proving that any relevant model for 
wheat needed a day length or photoperiod factor (Heurer, et al., 1978).  One of the first 
models developed for spring wheat used three quadratic terms: photoperiod, maximum 
temperature, and minimum temperature to predict wheat development (Robertson, 1968).  
This method was more advanced than a simple heat unit accumulation equation used 
prior to his publication.  Robertson’s model was later modified by adding factors of soil 
moisture, soil temperature, vernalization, and cultivar; however, many errors were 
possible with the model since it was developed on the timing of wheat head emergence 
alone (Feyerherm, et al., 1977).  One of the first prediction models for winter wheat used 
a more complicated version of degree-days with an upper and lower threshold for 
temperatures, a solar thermal unit that used daily net radiation, and a potential 
evapotranspiration sum.  However, none of these measures provided a better estimate 
than mean number of days between winter wheat growth stages (Neghassi, 1974).  By 
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1988, cumulative growing degree-days (GDD) measured from planting to particular 
growth stages were extensively used in growth and yield models to estimate wheat 
developmental stage (Bauer, et al., 1988).  However, Bauer et al. (1988) concluded that 
more information was needed to understand the interacting effects of photoperiod and 
temperature on winter wheat growth.  Models became increasingly complex as more 
information was published on environmental factors affecting winter wheat growth and 
development.  CERES wheat (Ritchie, 1991) used weather data and genetic information 
on a particular cultivar’s vernalization and photoperiod sensitivity to calculate dates for 
several different wheat development phases.  Although CERES was able to provide an 
accurate estimate of occurrence for wheat development stages, there are time-consuming 
inputs required for use of the model, which could hinder its practicality for applied use.  
CROPSIM wheat (Hunt and Pararajasingham, 1995), like other more recent models, 
requires the user to input a four point temperature function, a three factor vernalization 
function, and uses the curvilinear response of wheat to photoperiod as described in 
CERES.  The Wang and Engel wheat phenology model was developed in 1998 where a 
temperature response function, physiological development days, and physiological 
vernalization days were introduced (Wang and Engel, 1998).  The physiological 
development day was understood to be an easier concept than degree-days, parameters 
could be changed for cereal crops other than wheat, and cardinal temperatures for 
environmental factors could be altered (Wang and Engel, 1998).  Streck et al. (2003) 
pointed out that predictions for winter wheat developmental stages prior to terminal 
spikelet with the Wang and Engel model were not as accurate as predictions of 
development between the boot stage and physiological maturity.  The modified Wang 
14 
 
and Engel model developed by Streck et al. (2003) used a non-linear vernalization 
function and divided the period from emergence to anthesis into two phases with varying 
cardinal vernalization temperatures for each phase.  For the two cultivars examined in the 
field by Streck et al. (2003), Karl 92 and Arapahoe, the modified Wang and Engel model 
seemed to describe their differing photoperiod sensitivities.  Validation of past models 
was done with small numbers of cultivars and with cultivars adapted to other wheat 
growing regions of the United States, which can be quite different from the SRWW 
cultivars grown in Kentucky.  Although numerous examples exist of models used to 
predict the growth and development of winter wheat (Bauer, et al., 1988; Cao and Moss, 
1997; Hunt and Pararajasingham, 1995; McMaster and Smika, 1988; Ritchie, 1991; 
Streck, et al., 2003; Wang and Engel, 1998), these models are all relatively complex in 
their inputs.  Models intended for use by producers and agronomists should be simple for 
effective and efficient use.   
Climate Variability Effects on Agriculture 
Climate is the universal factor influencing agricultural productivity worldwide.  
Climate is typically defined as the temperature, precipitation, and wind for a specified 
time period, which is generally at least 30 years (IPCC, 2014a).  There is considerable 
evidence that changes to the climate are occurring, both globally and within the United 
States.  Specifically, increased average air temperature and more variable precipitation 
are extensively documented (Alexander, et al., 2006; Coumou and Rahmstorf, 2012; 
Groisman, et al., 2005; Iwashima and Yamamoto, 1993; Karl and Knight, 1998; Kunkel, 
2003). 
The Intergovernmental Panel on Climate Change (IPCC) indicates that in each of the 
last three decades Earth’s surface temperature has become successively warmer than any 
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decade since 1850 with increases of 0.14 °C per decade between 1951 and 2012 (IPCC, 
2014b).  Along with the recognized global temperature changes, temperature variability 
has occurred within the United States.  For example, a 1996 study on climate change 
indices in the United States reports that although temperature increases across the United 
States are not uniform, the linear trend for temperature increase across the nation is about 
0.4°C per 100 years (Karl, et al., 1996).  Karl et al. (1996) also mentions that on a 
regional basis, areas north of Texas and west of Illinois contribute most to annual average 
temperature increases.  Temperature extremes such as heatwaves have also been recently 
linked to climatic variability and are expected to increase in frequency (Coumou and 
Rahmstorf, 2012; IPCC, 2014b).  Regional examples of temperature extremes include the 
2011 heatwave across the Southern Plains when four states including Louisiana, New 
Mexico, Oklahoma, and Texas recorded the warmest year on record.  In particular, the 
June, July, August average temperatures for Oklahoma (30.5°C) and Texas (30.4°C) 
exceeded the previous record for the warmest summer season in any U.S. state (NOAA, 
2012). 
The IPCC also found, with high confidence, that precipitation amount has increased 
since 1951 in the mid-latitude land areas of the Northern hemisphere (IPCC, 2014b).  As 
with temperature change, national changes in precipitation have occurred as well.  
Average annual precipitation across the United States increased by about 5% between 
1900 and 2012 (NCA, 2014).  Karl and Knight (1998) report a 7% increase in annual 
precipitation amount across the United States between 1910 and 1995.  Regional 
precipitation increases within the United States have also been observed.  From 1895 to 
2009 the linear trend in observed precipitation exceeds 10% for much of the south-central 
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United States, the Corn Belt, parts of the Northeast, and parts of the Intermountain west 
(McRoberts and Nielsen-Gammon, 2011).  Alexandrov and Hoogenboom (2001) report 
significant precipitation variability in Georgia with increases in October to March 
precipitation occurring since the 1950s.  Precipitation increases were most prominent in 
central and South Georgia (Alexandrov and Hoogenboom, 2001).  According to the IPCC 
(2014b), frequency of extreme precipitation events has also increased in North America 
and Europe.  A 2005 study by Groisman et al. (2005) reported widespread increases in 
the frequency of very heavy precipitation events (the upper 0.3% of daily precipitation 
events) at the mid-latitudes in the past 50 to 100 years.  The same study documents 
statistically significant increasing trends in very heavy precipitation from 1908 to 2002 in 
much of the Midwest and southern plains regions of the United States as well as parts of 
the southeast (Groisman, et al., 2005). 
Estimates are that global temperature change will continue to increase by 0.40 to 
0.44°C per decade through 2100 (IPCC, 2014b).  High variability in precipitation amount 
and frequency is also projected to continue in the future with increases in precipitation 
likely for the high latitude, equatorial Pacific, and mid-latitude wet areas.  In many mid-
latitude and sub-tropical dry regions, precipitation amount may actually decrease by 2100 
(IPCC, 2014b).   
With the extensive documentation of climate variability and the projections for future 
climate change, agriculture will likely be affected since climate has such a significant 
impact on agricultural productivity worldwide.  Considerable documentation shows that 
global climate change will decrease yield of corn (Deng, et al., 2017; Haile, et al., 2017; 
Lobell, 2011; Matiu, et al., 2017; Schlenker and Lobell, 2010; Zhao, et al., 2017), 
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soybean (Haile, et al., 2017; Matiu, et al., 2017; Zhao, et al., 2017), and wheat (Asseng, 
et al., 2017; Gammans, et al., 2017; Haile, et al., 2017; Kalra, et al., 2008; Ladha, et al., 
2003; Lobell, 2011; Matiu, et al., 2017; Urruty, et al., 2017; Zhao, et al., 2017).  In the 
United States, yield decreases associated with changes in climate are also documented for 
corn (Leng and Huang, 2017; Matiu, et al., 2017; Mistry, et al., 2017), soybean (Matiu, et 
al., 2017; Mistry, et al., 2017), and wheat (Matiu, et al., 2017; Mistry, et al., 2017).  
However, reports of corn, soybean, and wheat yields becoming static during periods of 
climate change also exist (Brisson, et al., 2010; Hochman, et al., 2017; Lobell, 2011).  
Corn is one of the crops most evaluated for temperature response since higher 
temperatures decrease the duration of corn’s reproductive growth phase (Badu-Apraku, et 
al., 1983).  Increases in temperature of 2°C simulated corn yield to decrease by as much 
as 5 to 8% in the Corn Belt (Muchow, et al., 1990).  Simulations of soybean yield using 
the CROPGRO model predict the optimum growth temperature during reproductive 
phases to be around 24°C (Boote, et al., 1997).  Consequently, CROPGRO predicts 
soybean seed yield to decrease by around 8% per 1°C temperature change above 28°C 
and shows zero seed yield for soybean at 39°C (Boote, et al., 1997).  Since grain filling in 
cereals is largely temperature dependent (Ferris et al, 1998) the effect of increased 
temperature may decrease wheat yields by as much as 27% (Moot, et al., 1996).  
Research by Randall and Moss (1990) indicates that temperatures above 30°C after 
anthesis can decrease the rate of grain fill for wheat thus decreasing final grain yield.  
Field experiments in Mexico demonstrated that wheat grain number per spike decreases 
from 38 seeds spike-1 to 14 seeds spike-1 as mean temperature from sowing to anthesis 
increased from 14 to 21°C (Midmore et al., 1982).  Additionally, growth chamber 
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experiments indicate that seed number per spike decreases by three times or more when 
chamber temperature is raised from 15 to 25°C from tillering through three days after 
anthesis (Warrington, et al., 1977).  
Current agronomic management practices for grain and oilseed crops may need to be 
altered in order to combat yield reductions or static yields resulting from climate change 
(Deng, et al., 2017; Howden, et al., 2007; Kalra, et al., 2008; Meng, et al., 2017; Urruty, 
et al., 2017; Zhang, et al., 2017).  Several aspects of critical wheat management could be 
altered in order to combat climate variability including wheat sowing date (Kalra, et al., 
2008), tillage method (Ortiz, et al., 2008; Reynolds, et al., 2010), wheat genetic 
improvement (Fahad, et al., 2017), and fertility rate (Badaruddin, et al., 1999).  Since 
high temperatures near anthesis have negative effects on wheat yield (Ortiz-Monasterio 
R., et al., 1994), producers may benefit from an earlier wheat sowing date allowed by no-
till and similar conservation tillage practices.  Earlier fall sowing dates for wheat should 
lead to earlier head emergence allowing the plants to complete grain fill before the 
occurrence of warmer temperatures in the late spring (Kalra, et al., 2008; Midmore, et al., 
1984).  No-till wheat also has the opportunity to conserve irrigation water and diesel fuel 
used to power tractors during tillage operations (Ortiz, et al., 2008; Reynolds, et al., 
2010).  Research clearly shows that conventional breeding, QTL mapping, and marker 
assisted breeding can play a role in improving wheat tolerance to drought stress (Fahad, 
et al., 2017).  Winter wheat grown in warmer than normal conditions in Mexico showed a 
17% positive yield response to 50% rate increases of pre-plant urea, triple 
superphosphate, and muriate of potash (Badaruddin, et al., 1999).  Alterations to wheat 
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management practices will be important in order to sustain yields and increase resource-
use efficiency.   
Various agronomic management practices for corn and soybean will likely require 
adaptions during climatic variability as well including planting, irrigation, pesticide, and 
harvest practices.  Model simulations and observations from the past few decades 
indicate increases in winter precipitation and no change or decreases in summer rainfall 
(Hayhoe, et al., 2007).  These changes in rainfall distribution combined with increased 
evapotranspiration rates could influence more frequent short-term drought for corn and 
soybean warranting supplemental irrigation increases (Hatfield and Prueger, 2004).  As 
shown by research in Africa, shifting corn planting date to allow crop growth during the 
wet portion of a long growing season is also a potential mitigation strategy to drought 
stress (Laux, et al., 2010).  Conversely, soils remaining wet for extended periods due to 
more intense spring rainfall events could cause delays in the normal corn and soybean 
planting schedule.  Cool wet soils cause issues with root and seedling diseases, 
compaction, and increased nutrient loss through runoff and leaching (Hatfield, 2011).  
Additionally, ability to harvest and grain quality is decreased with intense storms and 
increased rainfall during harvest season leading to lower realized yields (Hatfield, 2011; 
Rosenzweig, et al., 2002). 
Molecular Markers 
Molecular markers are genetic tools used to find and track variability in alleles within 
a genome of a particular species (Botstein, et al., 1980) and they have been used since the 
late 1980s to assist in plant improvement efforts (Lander and Botstein, 1989).  Marker 
systems have changed with advances in technology from restriction fragment length 
polymorphisms (RFLP) (Lander and Botstein, 1989) to the more recent polymerase chain 
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reaction (PCR) based systems in the early 1990s (Mammadov, et al., 2012).  Random 
amplified polymorphic DNA (RAPD), amplified fragment length polymorphisms 
(AFLP), and simple sequence repeat (SSR) markers were the predominant PCR-based 
markers used in plant systems until around 2005 (Mammadov, et al., 2012).  However, 
RAPD markers are very hard to reproduce and AFLP markers require a lengthy detection 
process leading to low throughput (Mammadov, et al., 2012).  The most common 
molecular markers for wheat are SSRs, single nucleotide polymorphism (SNP), and most 
recently Kompetitive Allele Specific PCR (KASP).   
SSRs are non-coding repetitive DNA regions made up of small one to six nucleotide 
groups repeated in tandem (Cheng, et al., 2016; Oliveira, et al., 2006).  SSRs were first 
documented in the 1980s (Tautz and Renz, 1984) when their presence was confirmed in 
eukaryotic genomes.  Due to their abundance, SSRs have become widely used as genetic 
markers for use in plant breeding and genetics (Zapala, et al., 2012).  Roder et al. (1998) 
first reported a genetic map of the wheat genome based on SSRs.   
SNP refers to a single base change in a DNA sequence and usually includes two 
possible nucleotides at a given position within the sequence occurring at a frequency of 
greater than 1% (Vignal, et al., 2002).  SNPs are generally biallelic and less informative 
than multi-allelic SSRs, but their abundance makes them suitable for high-density genetic 
mapping (Rafalski, 2002).  Major success in SNP discovery occurred from 1999 to 2001 
with the establishment of new databases as a resource for human disease gene discovery 
(Miller and Kwok, 2001).  Results from Somers et al. (2003) showed that SNPs could be 
detected, verified, and implemented into conventional genetic studies on hexaploid 
wheat.  
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KASP, developed by LGC Limited, Teddington, United Kingdom, is a homogeneous, 
fluorescence based SNP genotyping technology based on allele-specific oligo extension 
and fluorescence resonance energy transfer (Semagn, et al., 2014).  KASP technology is 
flexible since SNP verification can be done in several formats and the chemistry 
functions well in 96, 384, and 1536-well plates (Kumpatla, et al., 2012).  In 2011, KASP 
was used to genotype and create a linkage map for hexaploid wheat where 102,220 
reactions were carried out in 24 hrs (Allen, et al., 2011).  Additionally, Allen et al. (2011) 
indicates that wheat breeders can utilize the KASP technology to quickly genotype 
thousands of plants with various molecular markers at a low cost.   
Cultivar improvement of wheat has for the most part been achieved through 
phenotypic selection since plant breeders knew little about the genetic identity and 
chromosome location of most genes governing traits of agronomic interest (Lande and 
Thompson, 1990; Van Sanford, et al., 2001).  Marker assisted selection (MAS) or the 
integration of phenotypic scores and marker scores (Lande and Thompson, 1990) is 
useful for identifying desirable alleles in wheat and other crops in early stages of 
development allowing large reductions in sizes of breeding populations (Frey, et al., 
2004).  With MAS, breeding population size can be decreased when large populations are 
screened for several molecular markers (Frey, et al., 2004; Hospital, et al., 1997).  
Despite advancement in MAS (Bertrand, et al., 2008; Hospital, et al., 1997; Paux, et al., 
2012), evaluation of plant phenotype is still essential for proper selection strategies 
(Hospital, et al., 1997; Lande and Thompson, 1990).  Cases exist where genotype does 
not always accurately predict phenotype for several prominent molecular marker systems 
including SSRs and KASP (Russell, 2017; Wilde, et al., 2007).  Though phenotypic 
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characterization is important, it is also very laborious which drives a recent push in high-
throughput phenotyping processes where hundreds of plants are imaged per day 
(Fahlgren, et al., 2015).  High-throughput plant phenotyping is a non-destructive way to 
capture plant traits that eliminates the need for adequate field growing conditions, growth 
chambers, and greenhouses (Fahlgren, et al., 2015).  Regardless of specific 
methodologies employed by plant breeders, it is essential that genotypes obtained from 
MAS be verified in the field by collecting phenotypic data. 
Vernalization 
Variations in winter alleles of VRN1 are associated with variation in required 
vernalization for flowering in winter wheat.  There have been molecular markers 
associated with vernalization requirement of winter wheat at Vrn-A, Vrn-B, and Vrn-D 
loci.  Single nucleotide polymorphism (SNP) and short direct repeat markers were 
developed for Vrn-A1a and Vrn-A1b based upon the presence or absence of deletions in 
the Vrn-A1 promoter (Yan, et al., 2004).  Additionally, SNP markers were developed for 
Vrn-A1c, vrn-A1, Vrn-B1, vrn-B1, Vrn-D1, and vrn-D1 based upon the presence or 
absence of deletions in intron 1 in dominant and recessive vernalization requirement 
alleles (Fu, et al., 2005).  A SNP was reported in exon 4 of vrn-A1 associated with 
quantitative trail locus for plant development in winter wheat and designated alleles vrn-
A1a in early flowering Jagger cultivar and vrn-A1b in cultivar 2174 (Chen, et al., 2009). 
Photoperiod 
There have also been molecular markers associated with photoperiod sensitivity of 
winter wheat at Ppd-A, Ppd-B, and Ppd-D loci.  The major source of photoperiod 
insensitivity in wheat is the semi-dominant Photoperiod-D1a (Ppd-D1a) allele.  A SNP 
marker was developed that detects a deletion responsible for photoperiod insensitivity at 
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the Ppd-D locus (Beales, et al., 2007).  Sequence polymorphism was detected, which 
detected a large deletion responsible for photoperiod insensitivity at the Ppd-A locus 
(Nishida, et al., 2013).  At the Ppd-B locus, a truncated copy was used to detect ‘Chinese 
Spring’-type photoperiod insensitivity (Beales, et al., 2007; Welsh, et al., 1973).  Large 
deletions upstream of Ppd-D1 genes in all wheat genomes are known to decrease 
photoperiod sensitivity (Beales, et al., 2007; Nishida, et al., 2013; Wilhelm, et al., 2009). 
Reduced Height 
Reduced height alleles Rht-B1b and Rht-D1b are known to have a SNP causing a 
premature stop codon resulting in reduced sensitivity to gibberellic acid and semi dwarf 
stature (Grogan, et al., 2016).  The Rht-B1b and Rht-D1b alleles are widespread in the 
United States winter wheat germplasm (Guedira, et al., 2010). 
Characterization of genes for different vernalization requirements, photoperiod 
sensitivities, and reduced height differences in winter wheat will allow wheat breeders to 
identify which alleles are best suited to mitigate yield losses associated with climatic 
variability.     
This project focuses on the influence of environmental factors vernalization and 
photoperiod on soft red winter wheat growth and development.  The intention of this 
research was to develop an estimate of cumulative growing degree days required by soft 
red winter wheat to reach growth stages related to winter wheat management practices for 
Kentucky.  This knowledge could enable winter wheat producers to make educated 
management decisions based on wheat growth stage rather than on calendar date.   
The objectives of this study were: 
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1. Measure calendar days and growing degree days required by 50 soft red winter 
wheat cultivars and experimental lines to reach eight growth stages related to 
winter wheat management in Kentucky.   
2. Determine the relative vernalization requirement and photoperiod sensitivity of 50 
soft red winter wheat cultivars and experimental lines in a greenhouse assay. 
3. Determine if Kompetitive Allele Specific PCR genotyping can accurately predict 
field phenotype observed in this study.   
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Table 1.1 Developmental stages in winter wheat affected by environmental controls of 
temperature, photoperiod, and vernalization. 
Developmental Stage Growth Stage Environmental Controls† 
Beginning End Beginning End  
Germination Double Ridge Z01‡  Z25 (F3§) Temperature, Vernalization, Photoperiod 
Double Ridge Terminal Spikelet Z25 (F3)  Z31 (F6) Temperature, Vernalization, Photoperiod 
Terminal Spikelet Last Leaf Z31 (F6)  Z39 (F9) Temperature, Photoperiod 
Last Leaf  Head Emergence Z39 (F9)  Z58 (F10.5) Temperature, Photoperiod 
Head Emergence  Beginning Flower Z58 (F10.5)  Z60 (F10.5.1) Temperature, Photoperiod 
Beginning Flower  Full Flower Z60 (F10.5.1)  Z68 (F10.5.3) Temperature 
Full Flower  Beginning Grain Fill Z68 (F10.5.3)  Z71 (F10.5.4) Temperature 
Beginning Grain Fill End of Grain Fill Z71 (F10.5.4)  Z91 (F11.3) Temperature including base temp. change 
†Developed from Hunt and Pararajasingham, 1995 
‡Zadoks Wheat Growth Stage Scale 
§Feekes Wheat Growth Stage Scale 
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Chapter 2 : Materials and Methods 
Genotypic Characterization 
On 6 Aug. 2017, two seeds of each of the 50 soft red winter wheat lines (Table 2.1) 
and ‘Norden’ hard spring wheat (University of Minnesota; PVP 201300125) were planted 
into 7 cm square pots (SVD-250; T.O. Plastics, Clearwater, MN).  Approximately 100 
mg of wheat leaf tissue was collected on 18 Aug. 2017.  Total DNA was extracted 
according to manufacturer’s recommended methods using Qiagen DNeasy Plant Mini Kit 
(QIAGEN, Germantown, MD).  The DNA concentrations for the 51 lines were measured 
using a NanoDrop™ Microvolume UV-Vis Spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA) according to manufacturer’s recommendations.  The DNA 
quality was verified with one percent agarose gel electrophoresis run for two hours at 100 
volts.  The 50 soft red winter wheat lines were characterized with fourteen Kompetitive 
Allele Specific PCR (KASP) markers (Table 2.2) using a LightCycler® 96 real-time PCR 
machine (F. Hoffmann-La Roche, Basel, Switzerland).  Norden hard red spring wheat 
was characterized for the eight vernalization KASP markers.  Reactions for each of the 
fourteen assays were carried out using a reaction volume of 10.0 µl, which consisted of 
5.0 µl aliquots of genotyping mix along with 5.0 µl of wheat DNA.  A 100-µl assay mix 
was created for each of the fourteen KASP markers using 12 µl of allele one forward 
primer, 12 µl of allele 2 forward primer, 30 µl of common primer, and 46 µl of sterile 
H2O.  Genotyping mix for 60 reactions included 8.4 µl of the respective assays mix and 
300 µl KASP Master mix (LGC Limited, Teddington, United Kingdom).  Genotyping 
mix for the particular marker was loaded into the 96 well plate for each of the 51 lines.  
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Thermal cycling conditions for KASP were set according to manufacturer’s 
recommendations (Table 2.3). 
Phenotypic Characterization 
Greenhouse Assay 
Two greenhouse trials were conducted. The first trial was conducted from Dec. 2015 
to May 2016 at the University of Kentucky Research and Education Center at Princeton, 
KY (37° 05’ 57” N, 87° 51’ 45” W).  The second trial was conducted from Dec. 2016 to 
June 2017 at Spindletop Research Farm near Lexington, KY (38° 07’ 37” N, 84° 29’ 51” 
W).  On 10 Dec. 2015 and 12 Dec. 2016, two seeds of each wheat cultivar (Table 2.1) 
were planted into 7 cm square pots (SVD-250; T.O. Plastics, Clearwater, MN), 
containing Miracle-Gro® Potting Mix with guaranteed analysis 0.21-0.11-0.16 (Miracle-
Gro, Marysville, OH).  In 2015, seeded pots were placed into a greenhouse at Princeton 
with a 28°C maximum temperature and 18°C minimum temperature.  At Princeton, the 
photoperiod was set to 12 hrs until 31 Jan. 2016 and was increased to 18 hrs beginning 1 
Feb. 2016.  At Lexington, greenhouse environmental conditions remained constant for 
the duration of the trial with a greenhouse photoperiod of 13.5 hrs, a 22°C maximum 
greenhouse temperature, and a 13°C minimum greenhouse temperature. 
On 18 Dec. 2015 and 19 Dec. 2016, potted seedlings, which were at Feekes 2 growth 
stage, were removed from the greenhouse and placed outdoors adjacent to a wheat field.  
Cypress mulch was placed on top of potted seedlings approximately 1 cm deep.  An 
apron of mulch 60 cm wide and 9 cm deep was also placed around trays of potted 
seedlings (Figure 2.1).  Seedlings were returned to the greenhouse after 3, 6, or 9-week 
vernalization treatments: 11 Jan. 2016 and 10 Jan. 2017, 29 Jan. 2016 and 31 Jan. 2017, 
19 Feb. 2016 and 20 Feb. 2017, respectively.  Date of occurrence for full flower was 
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measured and days to full flower were calculated.  For pots with living plants that did not 
flower, the number of days to full flower was specified as 500.   
Insects were controlled in the greenhouse using Warrior insecticide (2% v/v; 
Lambda-cyhalothrin; Syngenta US, Greensboro, NC) applied to wheat plants via spray 
bottle 15 and 19 Feb. 2016 and Marathon 1% G insecticide (125 mg per pot; 
Imidacloprid; OHP Inc., Mainland, PA) applied 24 Feb. 2017.  Foliar diseases were 
controlled in the greenhouse using Tilt fungicide (0.52 ml per L; Propiconazole; 
Syngenta US, Greensboro, NC) 25 Feb. and 17 Mar. 2017. 
Vernalization days were calculated for each vernalization treatment as follows 
(Ritchie, 1991): 
if average daily temperature (°C) was: 
≤ -1°C, vernalization days (VD) = 0 
> -1°C and ≤ 0°C, VD = 1 + Average Daily Temperature 
> 0°C and ≤ 7°C, VD = 1 
> 7°C and ≤ 12°C, VD = (12/5) – (1/5) * Average Daily Temperature 
> 12°C, VD = 0 
The sum of vernalization days was determined for each vernalization treatment in order 
to determine total cumulative vernalization days during the respective vernalization 
treatment. 
Field Assay 
Three field trials were conducted.  Two trials were conducted at the University of 
Kentucky Research and Education Center at Princeton, KY, (37° 06’ 06” N, 87° 52’ 06” 
W; altitude 148 m; Crider silt loam, fine-silty, mixed, active, mesic Typic Paleudalfs) 
from 2015 to 2017.  One trial was conducted at the Kentucky Agricultural Experiment 
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Station Spindletop Research Farm near Lexington, KY (38° 07’ 34” N, 84° 29’ 19” W; 
altitude 275 m; Donerail silt loam, fine, mixed, active, mesic Oxyaquic Argiudolls) from 
2016 to 2017.  Hill plots of 50 soft red winter wheat cultivars and experimental breeding 
lines (Table 2.1) were established by hand planting ten seeds per plot into conventionally 
tilled soil once a month from Oct. to Mar. (Table 2.4).  There were approximately 30 cm 
between hills within a row and approximately 60 cm between rows.   
In 2016, weeds were controlled by hand from approximately Mar. to Aug.  In 2017, 
Harmony Extra SG herbicide (63 g ha-1; Thifensulfuron-methyl and Tribenuron-methyl; 
DuPont USA, Wilmington, DE), non-ionic surfactant (0.25% v/v; Alkylpolyoxyethanol 
and humectants; Big Rivers Agri Supply, Owensboro, KY), and Warrior II insecticide 
(140 mL ha-1; Lambda-cyhalothrin; Syngenta US, Greensboro, NC) were applied at 
Lexington and Princeton on 20 Mar. and 23 Mar, respectively.  Weeds were controlled by 
hand from approximately May to Aug. in 2017. 
In 2016 and 2017, the date of emergence, green-up (Feekes 3), pseudo-stem erection 
(Feekes 5), jointing (Feekes 6), flag leaf (Feekes 9), beginning flower (Feekes 10.5.1), 
full flower (Feekes 10.5.3), and harvest (Feekes 11.4) were measured (Bruns and Croy, 
1983; Feekes, 1941).  For each plot, growth stage occurrence was recorded when 50% of 
the hill had reached a given growth stage. Hill plots were hand harvested at Feekes 11.4 
(Table 2.4).   
Cumulative growing degree days (GDD) were calculated as follows: 
GDD = (average daily temperature [°F] - 32) 
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For hill plots with living plants that did not attain a specific growth stage, a value of 
6,000 cumulative GDD was specified.  Average daily temperatures were obtained from 
University of Kentucky’s Agricultural Weather Center (UKAgWeather, 2017). 
Statistical Analyses 
The experimental design of the greenhouse and field assays were randomized 
complete block designs with three replications of the 50 SRWW cultivars (Table 2.1).  
The days to full flower in the greenhouse and cumulative GDD in the field were square 
root transformed.  Analyses of variance (ANOVA) were determined for the transformed 
data with PROC MIXED in SAS (version 9.4; SAS Institute, Inc. Cary, NC).  Replication 
was specified as a random effect.  In the greenhouse, trial, vernalization length, and 
cultivar were specified as fixed effects, while in the field, trial, cultivar, and seeding date 
were specified as fixed effects.  The least squares means (LS Means) were calculated and 
separated with the ‘lines’ option of the LS Means statement in SAS (version 9.4; SAS 
Institute, Inc. Cary, NC).  Non-transformed data are reported; data interpretations are 
based on transformed data.    
PROC REG and PROC CORR (version 9.4; SAS Institute, Inc. Cary, NC) were used 
to determine a simple linear regression and Pearson correlation coefficient for average 
cumulative GDD of the Oct. and Nov. seeding dates of the study and the average 
cumulative GDD of 12 published reports (Hershman, et al., 2007; Hershman, et al., 
2010a; Hershman, et al., 2010b; Hershman, et al., 2010c; Hershman, et al., 2010d; 
Hershman, et al., 2010e; Hershman, et al., 2011a; Hershman, et al., 2011b; Hershman, et 
al., 2012; Hershman, et al., 2013; Knott, et al., 2015a; Knott, et al., 2016; Knott, et al., 
2015b; Masoni, et al., 1990) to reach Feekes 3, Feekes 5, Feekes 10.5.1, and Feekes 11.4. 
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Table 2.1 Manufacturer information for the 50 soft red winter wheat cultivars and 
experimental lines examined. 
Manufacturer Information Cultivar 
AgriMaxx Wheat Co. 7167 Highbanks Rd. Mascoutah, 
IL 62258 
AgriMAXX 412 
 AgriMAXX 413 
 AgriMAXX 415 
Armor Seed, PO Box 9 Waldenburg, AR 72475 ARMOR HAVOC 
 ARMOR OCTANE 
 ARMOR RAMPAGE 
 ARMOR VANDAL 
Beck’s Hybrids 6767 E 276th Atlanta, IN 46031 BECK 113 
 BECK 120 
 BECK 129 
University of Missouri Columbia, MO 65211 Bess 
Purdue University West Lafayette, IN 47907 Clark 
Delta Grow Seed Company, Inc. 220 NW 2nd St. 
England, AR 72406 
Delta Grow 7200 
 Delta Grow 9700 
Crop Production Services/Dyna-Gro Seed 3005 Rocky  
Mountain Ave. Loveland, CO 80538 
Dyna-Gro 9042 
 Dyna-Gro 9171 
 Dyna-Gro 9223 
 Dyna-Gro 9343 
Equity Seed PO Box 978 Westfield, IN 46074 Equity Brand Sienna 
Kentucky American Seeds, Inc. 205 Means Ave. 
Hopkinsville, KY 42240 
Kentucky American 
Seed 5058 
 Kentucky American 
Seed S1200 
Kentucky Foundation Seed Project, University of 
Kentucky PO Box 11950 Lexington, KY 40579 
KY03C-1237-05 
KY03C-1237-12 
Kentucky Small Grain Growers Association, PO Box 90 
Eastwood, KY 40018 
Pembroke 2008 
Pembroke 2014 
Pembroke 2016 
Pioneer Hi-Bred International, Inc. PO Box 1000 
Johnston, IA 50131 
Pioneer variety 25R32 
 Pioneer variety 25R40 
 Pioneer variety 25R78 
 Pioneer variety 26R10 
 Pioneer variety 26R20 
 Pioneer variety 26R41 
 Pioneer variety 26R53 
 
  
32 
 
Table 2.1 (continued) Manufacturer information for the 50 soft red winter wheat cultivars 
and experimental lines examined. 
Manufacturer Information Cultivar 
Progeny AG Products 1529 Hwy. 193 Wynne, AR 72396 PROGENY P 117 
Seed Consultants, Inc. 648 Miami Trace Rd. SW 
Washington Court House, OH 43160 
Seed Consultants 1321 
 Seed Consultants 1342 
Southern States Coop. 6606 W. Broad St. Richmond, VA 
23230 
Southern States 8340 
 Southern States 8412 
 Southern States 8700 
Steyer Seeds 6154 N. County Road 33 Tiffin, OH 44883 STEYER HUNKER 
 STEYER PIERSON 
Syngenta/AgriPro PO Box 18300 Greensboro, NC 27419 SYNGENTA SY 483 
Terral Seed, 111 Ellington Dr. Rayville, LA 71269 Terral TV8525 
 Terral TV8848 
 Terral TV8861 
University of Missouri Columbia, MO 65211 Truman 
UniSouth Genetics, Inc. 3205-C Hwy. 46 S. Dickson, TN 
37055  
UniSouth Genetics 
3251 
 UniSouth Genetics 
3438 
 UniSouth Genetics 
3612 
 UniSouth Genetics 
3993 
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Table 2.2 Locus, Kompetitive Allele Specific PCR marker (KASP ID), allele, marker 
alias, diagnostic features of KASP assays, and phenotypes evaluated for 50 soft red 
winter wheat cultivars and experimental lines and ‘Norden’ hard red spring wheat. NA 
indicates no known KASP ID marker alias. 
Locus KASP ID Allele Marker Alias Diagnostic Feature Phenotype Reference 
Ppd-A1 Ppd-A1prodel Ppd-A1a.1 Ppd-A1prodel High VIC Photoperiod 
insensitive  
Nishida et al., 2013 
Ppd-A1 Ppd-A1prodel Ppd-A1b Ppd-A1prodel High FAM Photoperiod 
sensitive 
Nishida et al., 2013 
Ppd-B1 TaPpdBJ001 Chinese Spring Ppd-B1b wMAS000027 High FAM Photoperiod 
sensitive 
Welsh, 1973; Beales et 
al., 2007 
Ppd-B1 TaPpdBJ003 Sonora64 Ppd-B1a NA High VIC photoperiod 
insensitive 
Welsh, 1973; Beales et 
al., 2007 
Ppd-D1 TaPpdDD001 Ciano67 Ppd-D1a wMAS000024 High VIC Photoperiod 
insensitive 
Welsh, 1973; Beales et 
al., 2007; Law, 1976 
Ppd-D1 TaPpdDD001 Ciano67 Ppd-D1b wMAS000024 High FAM Photoperiod 
sensitive 
Welsh, 1973; Beales et 
al., 2007; Law, 1976 
Vrn-A1 Vrn-A1_9K0001 Vrn-A1a wMAS000033 High VIC Spring growth 
habit 
Yan et al., 2004 
Vrn-A1 Vrn-A1_9K0001 Vrn-A1-winter wMAS000033 High FAM Winter growth 
habit 
Yan et al., 2004 
Vrn-A1 Vrn1 design 3 vrn-A1a wMAS000034 High FAM Short vern 
requirement 
Fu et al., 2005 
Vrn-A1 Vrn1 design 3 vrn-A1b wMAS000034 High VIC Long vern 
requirement 
Fu et al., 2005 
Vrn-A1 Vrn-A1b-Marq Vrn-A1b wMAS000035 High VIC Spring growth 
habit 
Yan et al., 2004 
Vrn-B1 Vrn-B1_B Vrn-B1b wMAS000037 High VIC Spring growth 
habit 
Santra et al., 2009 
Vrn-B1 Vrn-B1_C Vrn-B1c NA High VIC Spring growth 
habit 
Milec et al., 2012 
Vrn-B1 Vrn-B1_I_D Vrn-B1-spring NA High VIC Spring growth 
habit 
Unpublished 
Vrn-B1 Vrn-B1_I_D vrn-B1-winter NA High FAM Winter growth 
habit 
Unpublished 
Vrn-B1 vrn-B1_AGS2K AGS2000 vrn-B1 TaVrn-B1_1752 High VIC Short vern 
requirement 
Guedira et al., 2014 
Vrn-B1 vrn-B1_AGS2K Neuse vrn-B1 TaVrn-B1_1752 High FAM Long vern 
requirement 
Guedira et al., 2014 
Vrn-D1 Vrn-D1-D1a Vrn-D1a wMAS000039 High VIC Spring growth 
habit 
Fu et al., 2005 
Rht-B1 NA Rht-B1a wMAS000001 High FAM Wild type tall Peng et al., 1999; 
Pearce et al., 2011 
Rht-B1 NA Rht-B1b wMAS000001 High VIC Semi Dwarf Peng et al., 1999; 
Pearce et al., 2011 
Rht-D1 NA Rht-D1a wMAS000002 High FAM Wild type tall Peng et al., 1999; 
Pearce et al., 2011 
Rht-D1 NA Rht-D1b wMAS000002 High VIC Semi Dwarf  Peng et al., 1999; 
Pearce et al., 2011 
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Table 2.3 Thermal cycling conditions for Kompetitive Allele Specific PCR (KASP) 
genotyping reactions. 
Step Description Temperature Time Number of 
cycles per step 
1 Activation 94°C 15 minutes 1 cycle 
2 Denaturation 94°C 20 seconds 10 cycles 
 Annealing/Elongation 61-55°C 60 seconds 
(drop 0.6°C 
per cycle) 
 
3 Denaturation 94°C 20 seconds 26 cycles 
 Annealing/Elongation 55°C 60 seconds  
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Table 2.4 Planting and harvest dates for 50 soft red winter cultivars and experimental lines 
for six planting treatments at Princeton and Lexington, KY, 2015-2017. NA indicates no 
plots were harvested in the March 2017 planting treatment. 
Planting Treatment Planting Date Harvest Date(s) 
Princeton 2015-2016 
October 20 Oct. 2015 8 June 2016 
November 25 Nov. 2015 28 June 2016 
December 18 Dec. 2015 28 June 2016 
January 29 Jan. 2016 6, 8, 11, 15 July 2016 
February 19 Feb. 2016 6, 8, 11, 18 July 2016 
March 17 Mar. 2016 8, 18 July 2016 
Princeton 2016-2017 
October 27 Oct. 2016 13 June 2017 
November 22 Nov. 2016 13 June 2017 
December 21 Dec. 2016 21 June 2017 
January 26 Jan. 2017 30 June 2017 
February 27 Feb. 2017 6, 12, 18, 31 July 2017 
March 30 Mar. 2017 NA 
Lexington 2016-2017 
October 27 Oct. 2016 20 June 2017 
November 28 Nov. 2016 20 June 2017 
December 28 Dec. 2016 26 June 2017 
January 25 Jan. 2017 5 July 2017 
February 27 Feb. 2017 5, 10, 17, 19, 24 July, 10 
Aug. 2017 
March 27 Mar. 2017 17, 24 July, 10 Aug. 2017 
36 
 
Figure 2.1 Soft red winter wheat seedlings vernalizing outdoors with an apron of mulch 
approximately 60 cm wide and 9 cm deep placed around potted seedlings. 
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Chapter 3 : Results and Discussion 
Genotypic Characterization 
Six Kompetitive Allele Specific PCR (KASP) markers were used to genotype 50 soft 
red winter wheat (SRWW) cultivars and experimental lines (Table 2.1) for three 
photoperiod loci and two reduced height loci, while eight KASP markers were used to 
genotype the SRWW cultivars and experimental lines, as well as Norden hard red spring 
wheat, for three vernalization loci (Table 2.2).  Characterization of photoperiod 
sensitivity is important since photoperiod is one of the main factors controlling flowering 
in wheat (Davidson, et al., 1985; Grogan, et al., 2016; Masle, et al., 1989; Snape, et al., 
2001) and could prove to be essential for SRWW adaptability to changing and/or variable 
climatic conditions. 
Photoperiod sensitivity is primarily controlled by the Ppd-D1 locus in SRWW 
(Grogan, et al., 2016; Snape, et al., 2001).  However, other loci have been shown to 
impact photoperiod sensitivity in SRWW (Guedira, et al., 2014).  In this study, the KASP 
marker wMAS000024 was used to detect the Ppd-D1 alleles (Table 3.1; Figure 3.1).  
Twelve cultivars possess the Ppd-D1b photoperiod sensitive allele, 36 cultivars possess 
the Ppd-D1a photoperiod insensitive allele, and two cultivars did not clearly genotype for 
the wMAS000024 marker (Table 3.1).  It was not surprising that Truman possesses the 
Ppd-D1b photoperiod sensitive allele because it is known to be photoperiod sensitive 
(David Van Sanford, personal communication).  It is also known that Pembroke 2014 and 
Pembroke 2016 have the Ppd-D1a photoperiod insensitive allele (David Van Sanford, 
personal communication). 
To detect the Ppd-A1 alleles, the KASP marker Ppd-A1prodel was used (Table 3.1; 
Figure 3.2).  Thirteen cultivars possess the Ppd-A1b photoperiod sensitive allele, 35 
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cultivars possess the Ppd-A1a.1 photoperiod insensitive allele, and two cultivars did not 
clearly genotype for the Ppd-A1prodel marker (Table 3.1; Figure 3.2).  Truman possesses 
the Ppd-A1b photoperiod sensitive allele (Table 3.1).  Truman is known to be 
photoperiod sensitive at the Ppd-A1 locus (David Van Sanford, personal communication), 
which confirms results for this molecular marker.  Additionally, Pembroke 2014 and 
Pembroke 2016 possess the Ppd-A1a.1 photoperiod insensitive allele, which is not 
surprising as these two cultivars are known to be photoperiod insensitive at the Ppd-A1 
locus (David Van Sanford, personal communication). 
Two KASP markers, wMAS000027 (Figure 3.3) and TaPpdBJ003 (Figure 3.4), were 
used to determine photoperiod sensitivity at the Ppd-B1 locus.  Using KASP marker 
wMAS000027, 46 cultivars were found to have the Ppd-B1b photoperiod sensitive allele, 
one cultivar was found to have the Ppd-B1a photoperiod insensitive allele, and three 
cultivars did not clearly genotype for the wMAS000027 marker (Table 3.1; Figure 3.3).  
Truman, Pembroke 2014, and Pembroke 2016 are all three known to possess photoperiod 
sensitivity alleles at the Ppd-B1 locus (David Van Sanford, personal communication), 
which confirms results observed from the use of this molecular marker.  Unfortunately, 
the use of KASP marker TaPpdBJ003 did not result in adequate separation between VIC 
fluorophore intensities and negative water controls (Figure 3.4); therefore, it was not 
possible to characterize cultivars for the TaPpdBJ003 marker.   
The reduced-height loci are known to influence SRWW growth and development and 
are routinely used to characterize SRWW cultivars and germplasm (Grogan, et al., 2016).  
Cultivars possessing the reduced height alleles Rht-B1b and Rht-D1b have reduced 
sensitivity to gibberellic acid causing them to have a semi-dwarf stature and these alleles 
39 
 
are the primary alleles for semi-dwarf stature worldwide (Grogan, et al., 2016).  Some 
have reported that semi-dwarf stature conferred through Rht-B1b and Rht-D1b alleles 
cause earlier wheat heading dates (Grogan, et al., 2016).  However, there are 
inconsistencies in these observations as others reported that Rht-B1b and Rht-D1b are not 
associated with changes in heading date (Wilhelm, et al., 2013).  Regardless, they were 
examined here as potential to mitigate yield reduction due to climatic variability 
(Beniston, et al., 2007; Lobell, 2011). 
The Rht-B1 reduced height alleles were detected with the wMAS000001 KASP 
marker (Figure 3.5). Twenty-six cultivars possess the Rht-B1a wild type tall allele, 22 
cultivars possess the Rht-B1b semi-dwarf allele, and two cultivars did not clearly 
genotype for the wMAS000001 marker (Table 3.1).  
The Rht-D1 reduced height alleles were detected with the wMAS000002 KASP 
marker (Figure 3.6).  Twenty-three cultivars possess the Rht-D1a wild type tall allele, 26 
cultivars possess the Rht-D1b semi-dwarf allele, and one cultivar did not clearly genotype 
for the wMAS000001 marker (Table 3.1).  With the exception of cultivars AgriMAXX 
412 and Clark, all cultivars that possess the Rht-B1a wild type tall allele had the Rht-D1b 
allele for semi-dwarf stature (Table 3.1). 
The final eight KASP markers examined were for vernalization loci.  Vernalization 
requirements in wheat control differences in cultivars for winter and spring growth habits 
(Grogan, et al., 2016; Snape, et al., 2001).  Winter or spring growth habits allow 
increased adaptability of cultivars to particular regions; therefore, characterization of 
cultivars for vernalization requirement is important for periods of climatic variability.  
Dominant mutations at one or more Vrn1 loci are the most common source of spring 
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growth habit as the progenitor species of wheat were sensitive to vernalization (Grogan, 
et al., 2016).  There are also Vrn-A1 short and Vrn-B1 short alleles that are known to 
confer short vernalization requirement within the SRWW germplasm (Grogan, et al., 
2016; Guedira, et al., 2014; Johnson, et al., 2002). 
Variation in vernalization requirement was examined with the use of molecular 
markers that identified winter versus spring growth habit and long or short vernalization 
requirement at three vernalization loci.  Ten vernalization alleles (Vrn-A1a, vrn-A1, Vrn-
A1b, Vrn-B1b, Vrn-B1c, vrn-B1-winter, Vrn-B1-spring, vrn-B1-long vernalization, vrn-
B1-short vernalization, and Vrn-D1a) were examined with the use of eight KASP 
markers.  Unfortunately, only four vernalization alleles were ultimately examined with 
two KASP markers (Table 3.2; Figure 3.7; Figure 3.8) because of inadequate separation 
among negative water controls and the cultivars for the remaining six KASP markers 
(Figure 3.9 to Figure 3.14).  All SRWW cultivars possessed the winter growth habit for 
Vrn-A1 and Vrn-B1, while Norden possessed the spring growth habit for Vrn-A1 and Vrn-
B1 (Table 3.2; Figure 3.7; Figure 3.8).  In addition, it was not possible to identify 
cultivars with short vernalization requirements (Figure 3.9 and Figure 3.13) due to 
inadequate separation of cultivars from the negative water controls.   
In this study, seven markers did not provide adequate separation for interpretation of 
genotypic data Figure 3.4; Figure 3.9 to Figure 3.14).  There are two possible 
explanations for the inadequate separation among the negative water controls and the 
cultivars.  First, it is possible that an inadequate number of PCR cycles were performed 
for these markers.  For example, the negative water controls for wMAS000034, 
wMAS000035, wMAS000037, Vrn-B1_C, TaVrn-B1_1752, wMAS000039, (Figures 3.9 
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to 3.14) did not separate from the clusters with the 51 cultivars and experimental lines.  
The water control data points should appear near the origin of the figure, while the 
cultivar data points should appear farther along either the x or y axis of the figure 
(Leingang, 2014; LGC, 2015).  One possibility to enhance allelic discrimination would 
have been to complete additional PCR cycles called ‘recycling’, which includes three 
additional PCR amplification cycles until separation is achieved (Leingang, 2014; LGC, 
2015).  The second potential explanation for the inadequate separation is that cultivars 
and experimental lines examined in this study do not possess the particular alleles 
detected by KASP markers used in this study.  For example, marker TaVrn-B1_1752, 
which detects vrn-B1 short and vrn-B1 long vernalization requirement duration alleles, 
showed inadequate separation among cultivars and negative water controls.  However, it 
is know that Pembroke 2014 and Pembroke 2016 do not possess short vernalization 
alleles (David Van Sanford, personal communication); therefore, separation is not 
expected between those two cultivars. 
Phenotypic Characterization 
Greenhouse Assay 
Characterizing the relative vernalization requirement (RVR) of the SRWW cultivars 
and experimental lines examined in this study would assist in a more complete 
understanding of how vernalization affects growth and development of the specific 
cultivars examined.  It could also provide phenotypic characterization for the wide range 
of SRWW cultivars that were also characterized with fourteen genetic markers in this 
study.  The vernalization requirement of soft red winter wheat (SRWW) cultivars 
generally ranges from a minimum of around two weeks (approximately 14 vernalization 
days) for cultivars with low vernalization requirement to a maximum of around 50 
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vernalization days (Crofts, 1989; Davidson, et al., 1985; Guedira, et al., 2014; Masle, et 
al., 1989).  Some SRWW cultivars can initiate reproductive growth with little to no 
vernalization.  In these cases, SRWW generally requires much longer periods to 
reproductive stages and between reproductive stages of growth, which can result in 
abnormal phenotypes during heading (Ahrens and Loomis, 1963; Masle, et al., 1989).  In 
2016 and 2017, greenhouse trials were conducted at Princeton and Lexington, KY, 
respectively, in the attempt to determine the relative vernalization requirement (RVR) for 
50 soft red winter wheat cultivars and experimental lines. 
Data from both greenhouse trials were first analyzed together.  Highly significant (P 
<0.0001) trial by vernalization treatment and cultivar by vernalization treatment 
interactions were detected for the number of days after vernalization treatment to full 
flower; therefore, each trial was analyzed separately by vernalization treatment.  The trial 
by vernalization treatment interaction was not surprising because the environmental 
conditions differed between the two greenhouse trials.  At Princeton in 2016, the 
maximum (28°C) and minimum (18°C) temperatures were greater than the temperatures 
at Lexington (22°C/13°C).  In addition, the photoperiod at Princeton (12 hrs) was shorter 
than Lexington (13.5 hrs) from seed germination to 31 Jan. 2016 and longer (18 hrs) than 
Lexington (13.5 hrs) from 1 Feb. 2016 to trial termination.  This resulted in total trial 
lengths of 168 days at Princeton and 189 days at Lexington.   
When winter wheat cultivars were vernalized outdoors for three weeks, the number of 
days after the vernalization treatment to full flower ranged from 81 to 500 at Lexington 
(Figure 3.15 a) and 63 to 233 at Princeton (Figure 3.15 b).  The majority of the cultivars 
required between 87 and 382 days to full flower at Lexington (Figure 3.15 a) after 
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vernalization treatment, while at Princeton most cultivars flowered 80 to 123 days after 
vernalization treatment (Figure 3.15 b).  The maximum number of days to full flower 
after vernalization treatment exceeded total trial length for both Lexington and Princeton 
greenhouse trials.  This is due to some wheat plants, which did not flower.  To distinguish 
between dead plants and those that did not flower, 500 days was specified for plants that 
were living but did not flower.   
At Lexington, four cultivars (Pioneer variety 25R32, Pioneer variety 26R10, Southern 
States 8340, and USG 3251) required the most (P = 0.0036) days to full flower after 
vernalization, while only two cultivars (BECK 113 and Pioneer variety 26R20) required 
the least days to full flower (Figure 3.15 a).  Although statistical differences (P = 0.5591) 
for number of days after vernalization treatment to full flower were not detected among 
the 50 cultivars at Princeton, the five cultivars that required 223 days or more to full 
flower were Pioneer variety 25R40, Pioneer variety 26R53, Bess, ARMOR HAVOC, and 
ARMOR RAMPAGE, while Southern States 8412, Pembroke 2008, and PROGENY 
P117 required 74 days or less (Figure 3.15 b).  It was not surprising that Pioneer variety 
25R32 required the largest number of days to full flower after only three weeks of 
vernalization at Lexington, because it is known to have a relatively long vernalization 
requirement (David Van Sanford, personal communication).  Although Pioneer variety 
25R32 did not rank among the five cultivars that required 223 days or more to full flower 
at Princeton it ranked as the eighth cultivar of 50 for longest number of days to full 
flower.  These findings support previous reports (David Van Sanford, personal 
communication) that Pioneer variety 25R32 requires a relatively long vernalization 
period. 
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It is surprising that differences (P < 0.05) in number of days to full flower after the 
three-week vernalization treatment were only detected at Lexington, particularly since the 
number of vernalization days accumulated in both years was similar, 11.7 and 12.4 for 
Princeton and Lexington, respectively (Figure 3.16), which is likely not adequate to 
vernalize all cultivars examined.  It is more likely that the differences in environmental 
conditions in the greenhouse, as described above, resulted in the lack of differences 
observed in days to full flower after three weeks of vernalization at Princeton (Ahrens 
and Loomis, 1963; Davidson, et al., 1985).  It is possible that a three-week duration of 12 
hr photoperiod after wheat had been vernalized for three weeks followed by an 18 hr 
photoperiod in the greenhouse reduced the time to flowering.  Even without 
vernalization, it has been documented that the amount of time required for wheat head 
emergence and anthesis decreases when wheat is grown under shorter photoperiod 
followed by a lengthened photoperiod (Ahrens and Loomis, 1963; Masle, et al., 1989). 
When winter wheat cultivars were vernalized outdoors for six weeks, the number of 
days required to full flower after vernalization treatment ranged from 62 to 207 days at 
Lexington (Figure 3.15 c) and 53 to 283 days at Princeton (Figure 3.15 d).  Most cultivars 
required between 65 and 97 days to full flower after vernalization at Lexington (Figure 
3.15 c), while at Princeton most cultivars flowered 63 to 91 days after vernalization 
(Figure 3.15 d).  At Lexington, differences (P = 0.1018) among the 50 cultivars were not 
detected for number of days to full flower after six weeks of vernalization.  However, 
Pioneer variety 26R53, Pioneer variety 26R10, and KY03C-1237-05 required greater 
than 100 days to full flower after vernalization, while ARMOR VANDAL and Pioneer 
variety 26R20 required 62 days or less (Figure 3.15 c).  At Princeton, three cultivars 
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(ARMOR OCTANE, Bess, and Equity Brand Sienna) required the most (P = 0.0460) 
days to full flower after six weeks of vernalization and four cultivars (Pembroke 2008, 
Pembroke 2014, PROGENY P117, and Southern States 8412) required the fewest days to 
full flower (Figure 3.15 d).   
When results between Lexington and Princeton greenhouse trials after six weeks of 
vernalization were compared, there were some striking similarities and differences.  For 
both trials, Bess was among the cultivars that flowered after the most days.  At 
Lexington, Bess required an average of 97 days to full flower, which ranked fifth longest 
of the 50 cultivars after six weeks of vernalization.  At Princeton, Bess took an average of 
283 days to full flower, which was the largest number of days to full flower after six 
weeks of vernalization.  In terms of differences, the number of days to full flower for 
PROGENY P117 and Southern States 8412 differed between the two greenhouse trials.  
At Lexington, Southern States 8412 required 96 days to reach full flower, which ranked 
seventh longest to full flower.  However, at Princeton, Southern States 8412 only 
required 58 days to full flower after 6 weeks of vernalization, which was second shortest 
to full flower.  Furthermore, PROGENY P117 required 94 days (ninth longest) to full 
flower at Lexington and only 53 days (the shortest) to reach full flower at Princeton.  The 
differences observed across trials after six weeks of vernalization for Southern States 
8412 and PROGENY P117 could be due to differences in greenhouse environmental 
conditions as described above.  It is possible that the longer photoperiod at Princeton 
after 1 Feb. 2016 influenced Southern States 8412 and PROGENY P117 to flower in less 
days.  Based upon the genotypic characterization in this study, Southern States 8412 
possesses two photoperiod sensitive alleles (Ppd-D1b and Ppd-B1b) and one photoperiod 
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insensitive allele (Ppd-A1a) (Table 3.1).  Additionally, PROGENY P 117 also possesses 
two photoperiod sensitive alleles (Ppd-D1b and Ppd-A1b) (Table 3.1).  Photoperiod 
sensitive SRWW cultivars are known to have accelerated development to flowering when 
grown under long photoperiods with adequate vernalization (Ahrens and Loomis, 1963; 
Davidson, et al., 1985; Masle, et al., 1989).  Periods of around six to eight weeks have 
been shown to provide adequate conditions to meet vernalization requirements of most 
SRWW cultivars (Ahrens and Loomis, 1963; Davidson, et al., 1985), assuming an 
accumulation of about 42 to 56 vernalization days (Ritchie, 1991).  At Lexington, 24 
vernalization days were accumulated, while at Princeton 20 vernalization days were 
accumulated (Figure 3.16), which suggests that both Southern States 8412 and 
PROGENY P117 require a relatively short vernalization period.  In contrast, Bess 
possesses two photoperiod sensitive alleles (Ppd-D1b and Ppd-B1b) and one photoperiod 
insensitive allele (Ppd-A1a), but required the greatest number of days to attain full flower 
in both greenhouse trials.  Furthermore, after six weeks of vernalization at Lexington, 
Pioneer variety 25R32, which is known to have a long vernalization requirement, 
required 86 days to full flower and ranked 22nd out of 50 cultivars for longest time to full 
flower.  At Princeton, it required 91 days and ranked fourth longest for days to full flower 
after six weeks of vernalization.  This suggests that Bess may require a longer 
vernalization period than Pioneer variety 25R32 and that six weeks of vernalization was 
inadequate in both trials leaving some SRWW cultivars without sufficient vernalization 
after the six-week vernalization treatment. 
When winter wheat cultivars were vernalized for nine weeks, the number of days 
after vernalization treatment to full flower ranged from 50 to 284 at Lexington (Figure 
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3.15 e) and 38 to 59 at Princeton (Figure 3.15 f).  At Lexington, BECK 129 required an 
average of 284 days to full flower due to one plant that never flowered, one plant that 
died, and one plant that flowered in 67 days.  In contrast, BECK 129 flowered at 
Princeton in just 46 days after nine weeks of vernalization.  Since around five more 
vernalization days were accumulated in Lexington than in Princeton after nine weeks of 
vernalization, the most likely cause for BECK 129 not flowering at Lexington is less 
vigorous wheat plants, which may be due to a stressful outdoor environment during 
vernalization.  Weather conditions at Lexington were harsh for seedlings started in a 
greenhouse environment and moved outdoors.  At Lexington, there were 14 nights within 
the first three weeks of outdoor vernalization where temperatures were at or below 0°C 
with six of those nights reaching temperatures of -6°C or less.  The temperature fell 
below -1°C for four nights consecutively after seedlings were moved outdoors at 
Lexington.  The moist potting soil in which seedlings were grown was frozen solid inside 
the plastic pots multiple times during vernalization at Lexington despite efforts to insulate 
seedlings with mulch.  At Princeton, there were 11 nights within the first three weeks of 
outdoor vernalization where temperatures were at or below 0°C, but nighttime 
temperatures fell below -6°C only twice during that three week timeframe.  Additionally, 
nighttime low temperatures at Princeton did not fall below -1°C until the seedlings had 
been in the field for 15 days.   
The majority of cultivars examined required between 60 and 69 days to full flower at 
Lexington (Figure 3.15 e) after the nine week vernalization treatment, while at Princeton 
most cultivars flowered 41 to 56 days after vernalization treatment (Figure 3.15 f).  
Although statistical differences (P = 0.4741) for number of days after vernalization 
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treatment to full flower were not detected among the 50 cultivars at Lexington, six 
cultivars required 70 days or more to full flower: BECK 129, Equity Brand Sienna, 
Pioneer variety 26R10, Pioneer variety 26R53, PROGENY P117, and STEYER 
PIERSON (Figure 3.15 e).  Nine cultivars (ARMOR HAVOC, Dyna-Gro 9343, 
Pembroke 2016, Pioneer variety 25R40, Pioneer variety 26R20, Seed Consultants 1321, 
Seed Consultants 1342, STEYER HUNKER, and Terral TV8848) required 59 days or 
less to full flower after nine weeks of vernalization at Lexington (Figure 3.15 e).  At 
Princeton, BECK 113, and SYNGENTA SY483 were found to require the most (P = 
0.0004) days to full flower, while PROGENY P117 required the least number of days to 
full flower after nine weeks of vernalization (Figure 3.15 f).  After the nine-week 
vernalization treatment, no plants flowered at Lexington for the following cultivars: 
AgriMAXX 413, ARMOR RAMPAGE, ARMOR VANDAL, Clark, Pembroke 2014, 
Pioneer variety 25R78, Southern States 8700, SYNGENA SY 483, Terral TV8861, USG 
3438, and USG 3612.  Reasons these cultivars did not flower could be inadequate 
vernalization as well as a photoperiod that was too short.  This combination would not 
have allowed plants to compensate for un-met vernalization requirement as photoperiod 
was held constant after vernalization treatment.  ARMOR RAMPAGE, Southern States 
8700, SYNGENA SY 483, Terral TV8861, USG 3438, and USG 3612 possess two 
photoperiod sensitive alleles (Ppd-A1b and Ppd-B1b).  AgriMAXX 413 possesses the 
Ppd-A1b photoperiod sensitive allele while ARMOR VANDAL, Clark, Pembroke 2014, 
and Pioneer variety 25R78 possess the photoperiod sensitive allele Ppd-B1b.  In contrast, 
Pembroke 2014 and Pioneer variety 25R78 possess the Ppd-A1a.1 photoperiod 
insensitive allele.  AgriMAXX 413, ARMOR RAMPAGE, ARMOR VANDAL, 
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Pembroke 2014, Pioneer variety 25R78, Southern States 8700, SYNGENA SY 483, 
Terral TV8861, USG 3438, and USG 3612 also possess the Ppd-D1a photoperiod 
insensitive allele.  The Ppd-D1 locus is known to explain the majority of phenotypic 
variation in photoperiod sensitivity; therefore, the 10 cultivars that possess the Ppd-D1a 
photoperiod insensitive allele likely failed to flower for another reason.  It is possible that 
Clark failed to flower when grown under the continuous 13.5 hr greenhouse photoperiod 
at Lexington, as it possesses the Ppd-B1b photoperiod sensitive allele.  A photoperiod 
sensitive cultivar may not been able to flower with no increase in photoperiod after 
vernalization treatment, but at the Ppd-D1 and Ppd-A1 loci Clark was not clearly 
characterized as photoperiod sensitive or insensitive meaning that it could have failed to 
flower for another reason as well.  Nine weeks of vernalization should have been 
sufficient (Ahrens and Loomis, 1963; Davidson, et al., 1985; Masle, et al., 1989); 
however, after nine weeks of vernalization at Lexington only 35 vernalization days were 
accumulated.  It is known that cultivars can range in their requirement of vernalization 
days, but 50 vernalization days is sufficient to vernalize the majority of winter wheat 
cultivars (Ritchie, 1991).  Another reason the eleven cultivars failed to flower could have 
been reduced vigor of wheat plants after vernalization treatment in the field at Lexington 
leading to changes in the growth of plants in the greenhouse. 
There were also interesting consistencies observed across all three treatments within 
each trial.  After all vernalization treatments at Lexington, Pioneer variety 26R10 ranked 
second greatest for number of days to full flower.  Additionally, Pioneer variety 26R20 
and Terral TV8848 ranked among the cultivars that took the fewest days to reach full 
flower after all vernalization treatments at Lexington.  Interestingly, Pioneer variety 
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26R10 and Terral TV8848 both possess one photoperiod insensitive allele (Ppd-D1a) and 
two photoperiod sensitive alleles (Ppd-A1b and Ppd-B1b), but they were much different 
in their requirement of days to full flower after nine weeks of vernalization.  These results 
could suggest a long vernalization requirement for Pioneer variety 26R10 and a short 
vernalization requirement for Pioneer variety 26R20 and Terral TV8848.  Pioneer variety 
26R20 possesses two photoperiod insensitive alleles (Ppd-D1a and Ppd-A1a.1) and one 
photoperiod sensitive allele (Ppd-B1b).   
After all vernalization treatments at Princeton, PROGENY P117 required the least 
number of days to flower and Southern States 8412 and Pembroke 2014 also ranked 
among the cultivars that flowered in the fewest days.  Pembroke 2014 possesses two 
photoperiod insensitive alleles (Ppd-D1a and Ppd-A1a.1) and one photoperiod sensitive 
allele (Ppd-B1b).  In the cases where cultivars consistently required the fewest days to 
full flower across all three vernalization treatments within a trial, one possibility is that 
those cultivars require less vernalization than other cultivars examined here. 
Overall, the number of days required to full flower for the various cultivars examined 
were quite different between vernalization treatments within trials at Lexington and 
Princeton as well as between greenhouse trials.  One of the largest problems encountered 
in the greenhouse assay of this study was that after nine weeks of vernalization outdoors 
only 30 to 35 vernalization days were accumulated.  With less than 50 cumulative 
vernalization days after the nine-week vernalization treatment it cannot be said with 
certainty that all cultivars examined acquired adequate vernalization to flower.  
Therefore, classifying cultivars with certainty for their relative vernalization requirement 
(RVR) is suspect due to the lack of a treatment that was known to accumulate adequate 
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vernalization.  However, five cultivars appear to have short vernalization requirements 
(Pembroke 2014, Pioneer variety 26R20, PROGENY P117, Southern States 8412, and 
Terral TV8848), while three cultivars appear to have long vernalization requirements 
(Bess, Pioneer variety 25R32, and Pioneer variety 26R10). 
Field Assay 
The number of cumulative GDD from planting to emergence, green-up (Feekes 3), 
pseudo-stem erection (Feekes 5), jointing (Feekes 6), flag leaf (Feekes 9), beginning 
flower (Feekes 10.5.3), full flower (Feekes 10.5.3) and harvest maturity (Feekes 11.4) 
were measured in the field for 2,700 hill plots: 3 replications of 50 cultivars for each of 
six seeding dates.  Number of cumulative GDD required by cultivars between the eight 
critical stages was also determined.  In 2016 at Princeton, KY the trial was conducted for 
232 days with 4,793 cumulative GDD, while in 2017 at Princeton it was conducted for 
229 days (5,311 cumulative GDD), and the 2017 trial at Lexington was conducted for 
236 days with 5,553 cumulative GDD.  In the determination of cumulative GDD required 
by wheat to reach the eight critical growth stages it was important to distinguish plants 
that did not reach a given growth stage and those that died.  Therefore, values of 6,000 
GDD were specified for plants that were living at the time of plot termination.  Data for 
the three field trials were initially analyzed together, but due to highly significant (P < 
0.0001) trial by cultivar and planting date by cultivar interactions the data were analyzed 
separately by planting date for each trial and planting date.  
At Lexington, differences (P < 0.05) were detected among cultivars planted in Oct. 
for the number of cumulative GDD required to the eight developmental stages examined 
(Table 3.3 to Table 3.10).  However, for the number of cumulative GDD required 
between each of the critical growth stages (Table 3.11 to Table 3.17), differences were 
52 
 
not detected at Lexington in the Oct. seeding date with the exception of the number of 
cumulative GDD required between full flower and harvest maturity (Table 3.17).  At 
Princeton, differences were not detected (P > 0.05) among cultivars examined for 
number of cumulative GDD required to the eight developmental stages or between the 
critical growth stages examined at the Oct. seeding date (Table 3.3 to Table 3.17).  The 
only exception was the difference (P < 0.05) detected for the number of cumulative GDD 
required between flag leaf and beginning flower at the Oct. seeding date (Table 3.15). 
Vernalization, photoperiod, and relative maturity of the cultivars could influence 
differences among cultivars for the number of cumulative GDD to the critical growth 
stages in the field assay.  It is unlikely differences detected at the Oct. seeding date could 
be attributed to inadequate vernalization since the number of cumulative vernalization 
days for all three trials (Figure 3.17) was greater than is reported for adequate 
vernalization in winter wheat (Ritchie, 1991).  A second possibility is that differences in 
photoperiod length between Lexington and Princeton could result in significant 
differences to each growth stage at Lexington and not Princeton.  However, photoperiod 
at Lexington was within 10 to 15 minutes of photoperiod at Princeton for the duration of 
each trial (unpublished data).  Photoperiod differences of one to three hours are reported 
to influence SRWW development (Ahrens and Loomis, 1963; Davidson, et al., 1985; 
Slafer and Rawson, 1994); therefore, small differences in photoperiod such as those 
between Lexington and Princeton likely had little effect on wheat development.  Yet 
another possibility is that the differences could be due to relative maturity differences of 
the cultivars. However, given that neither Princeton trial had consistent differences for 
cumulative GDD this also seems an unlikely explanation. Therefore, it is unclear the 
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reason for the statistical differences found at Lexington for the cumulative GDD to each 
SRWW growth stage when planted in Oct..  
As SRWW planting was delayed until Nov. or Dec, cumulative GDD required by 
cultivars to the eight critical growth stages begins to decline overall, except in a few 
cases, and at both Lexington and Princeton, differences (P < 0.05) were detected among 
cultivars for the number of cumulative GDD to the eight critical growth stages in the 
Nov. and Dec. seeding dates (Table 3.18 to Table 3.25 and Table 3.33 to 3.40).  The 
exception in both seeding dates was the number of cumulative GDD required to harvest 
maturity (Table 3.25; Table 40), which was expected to be similar within a trial since all 
plots within the Nov. and Dec. seeding dates were harvested the same day for respective 
trials and seeding dates (Table 2.4).  At Lexington, there were differences (P < 0.05) 
detected among cultivars for the number of cumulative GDD required between all growth 
stages with the exception of flag leaf to beginning flower and beginning flower to full 
flower at the Nov. seeding date (Table 3.26 to Table 3.32).  However, at Princeton for the 
Nov. seeding date, there were differences (P < 0.05) detected among cultivars for number 
of cumulative GDD required between growth stages only after the reproductive phase 
(jointing) had begun with the exception of flag leaf to beginning flower and beginning 
flower to full flower (Table 3.29; Table 3.32).  For the Dec. seeding date, there were 
differences (P < 0.05) detected among cultivars for the number of cumulative GDD 
required between all critical growth stages with the exception of pseudostem erection to 
jointing and jointing to flag leaf at Lexington (Table 3.41 to Table 3.43 and Table 3.45 to 
Table 3.47).  At Princeton, for the Dec. seeding date there were differences (P < 0.05) 
detected among cultivars for the number of cumulative GDD required between all critical 
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growth stages with the exception of emergence to green-up (Table 3.42 to Table 3.47).  It 
is not likely that inadequate vernalization was the reason for the differences observed 
among cultivars at the Nov. and Dec. seeding dates, because cumulative vernalization 
days in all trials were at least 63 and 47, respectively (Figure 3.17).  Another possible 
explanation for these differences would be inadequate photoperiod length during spikelet 
initiation (green-up to jointing) when wheat is most influenced by photoperiod (Hunt and 
Pararajasingham, 1995; Slafer and Rawson, 1994).  However, at Princeton and Lexington 
in 2017 for Nov. and Dec. seeding dates photoperiod increased by at least two hours 
during spikelet initiation from around 11 hrs to around 13 hrs, which should have enabled 
plants to reach full flower.  At Princeton in 2016, photoperiod increased by 1 to 1.5 hrs 
during spikelet initiation for Dec. and Nov. seeding dates, respectively, which should 
have also enabled plants to reach full flower.  It is also is unclear the reason for the 
statistical differences found at Lexington and Princeton for the cumulative GDD to the 
majority of SRWW growth stages when planted in Nov. and Dec..  
When seeded in Jan., emergence differed among the cultivars at Princeton in 2016 
and Lexington in 2017 (Table 3.48), which was greater at the two Princeton trials there 
were interesting differences observed in number of cumulative GDD required to the eight 
critical growth stages.  For the vegetative growth stages, differences (P < 0.05) were 
detected for cumulative GDD at all three trials from planting to green-up (Table 3.49) 
and from planting to pseudostem erection for the 2017 trials (Table 3.50).  For the 
reproductive growth stages, cumulative GDD differed among the cultivars at all trials 
from planting to jointing (Table 3.51), at the Princeton 2016 trial from planting to flag 
leaf (Table 3.52), at the Lexington 2017 trial from planting to beginning flower (Table 
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3.53), at the Princeton 2016 and Lexington 2017 trial from planting to full flower (Table 
3.54), and at the Princeton 2016 trial from planting to harvest maturity (Table 3.55).  
Interestingly, Pioneer variety 25R32 required the third greatest number of cumulative 
GDD to jointing at Princeton in 2017 (Table 3.51) and it is known to require a long 
vernalization period (David Van Sanford, personal communication).  Since wheat 
development is controlled by vernalization, temperature, and photoperiod before jointing, 
cumulative GDD to jointing in the Princeton 2017 trial were possibly influenced by 
accumulated vernalization days.  Therefore, the Jan. seeding date may be the first 
instance of true vernalization influenced differences observed in the field assay based on 
cumulative vernalization days (Figure 3.17).  At Princeton in 2017, no differences (P > 
0.05) were detected among cultivars for the number of cumulative GDD required to reach 
beginning and full flower (Table 3.53; Table 3.54).  This was interesting as photoperiod 
increased by over 2.5 hrs at Princeton in 2017 during the spikelet initiation phase (green-
up to jointing), which is the phase of wheat growth most influenced by photoperiod (Hunt 
and Pararajasingham, 1995; Slafer and Rawson, 1994).  Therefore, it is not surprising that 
cultivars with adequate vernalization accumulation were able to reach full flower after an 
increase in photoperiod of three hours.  There were also some interesting similarities 
between the field trial at Lexington for the Jan. seeding date and the greenhouse trial at 
Lexington for the nine-week vernalization treatment.  Terral TV8861 and SYNGENTA 
SY483 did not flower in the Lexington greenhouse trial after nine weeks of vernalization 
and they took the largest number and third largest number of cumulative GDD to full 
flower in the field trial at Lexington for the Jan. seeding date, respectively (Table 3.54).  
As mentioned, the fact that Terral TV8861 and SYNGENTA SY483 did not flower is 
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likely due to inadequate vernalization and photoperiod.  In the Princeton greenhouse trial 
after nine weeks of vernalization, SYNGENTA SY483 required the most days to full 
flower.  Additionally, Southern States 8340 required the most days to full flower in the 
Lexington greenhouse trial after nine weeks of vernalization as well as the fourth largest 
number of cumulative GDD to full flower for the Jan. seeding date in the field at 
Lexington (Table 3.54).  Pioneer 26R10 took the most days to full flower after three 
weeks of vernalization in the Lexington greenhouse trial as well as the second largest 
number of cumulative GDD to full flower for the Jan. seeding date of the Lexington field 
trial (Table 3.54).  Similar vernalization days were accumulated in the nine-week 
vernalization treatment at Lexington (Figure 3.16) and the Jan. seeding date at Lexington 
(Figure 3.17).  There were differences (P < 0.05) detected among cultivars for the 
number of cumulative GDD required to harvest maturity at Princeton in 2016 for the Jan. 
seeding date (Table 3.55), which was expected since harvest of hill plots was staggered 
here in order to preserve grain quality (Table 2.4).  Additionally, no differences (P > 
0.05) were detected among cultivars for the number of cumulative GDD required 
between pseudostem erection and jointing nor between beginning and full flower for all 
trials at the Jan. seeding date (Table 3.58; Table 3.61).   
At the Feb. seeding date for all trials, there were differences (P < 0.05) detected 
among cultivars for number of cumulative GDD required to most growth stages 
examined (Table 3.63 to Table 3.70), which is expected at such a delayed SRWW 
seeding date for Kentucky.  The exceptions were cumulative GDD to emergence at 
Lexington in 2017 (Table 3.63) and cumulative GDD to pseudostem erection at Princeton 
in 2016 (Table 3.65), for which there were no differences (P > 0.05) detected.  In 
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particular, there were differences (P < 0.05) detected among cultivars for cumulative 
GDD to jointing at all trials for the Feb. seeding date (Table 3.66).  Pioneer variety 
25R32, which is known to require a long vernalization period, required the largest 
number of cumulative GDD to jointing at Princeton in 2016 and required among the top 
nine cultivars for the largest number of cumulative GDD to jointing at Lexington in 2017 
(Table 3.66).  These results suggest the possibility that the 23 and 18 vernalization days 
accumulated at Princeton and Lexington, respectively, were not adequate to vernalize 
cultivars with a long vernalization requirement.  In contrast, at Princeton in 2017 with 
only 13 cumulative vernalization days, Pioneer variety 25R32 was not among the 
cultivars that required the most cumulative GDD to jointing (Table 3.66).  Also 
interesting was the fact that Truman, a cultivar known to be photoperiod sensitive, 
required the largest number of cumulative GDD to jointing at Princeton in 2016 and 
required among the top 13 cultivars for largest number of GDD to jointing at Lexington 
(Table 3.66).  These results suggest the possibility that photoperiod was not adequate to 
initiate reproductive growth in a photoperiod sensitive cultivar for much of the spikelet 
initiation phase.  Finally, there were differences detected among cultivars for cumulative 
GDD to harvest maturity since harvest dates for plots seeded in Feb. were staggered at all 
trials to preserve grain quality (Table 3.70).  There were not differences (P > 0.05) 
detected for cumulative GDD required between flag leaf and beginning flower or 
between beginning flower and full flower at Lexington, which is interesting at such a late 
seeding date (Table 3.75; Table 3.77). 
At the Mar. seeding date, there were differences (P < 0.05) detected among cultivars 
for the number of cumulative GDD to reach growth stages up to pseudostem erection 
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(Table 3.78 to Table 3.80).  There were differences (P < 0.05) detected among cultivars 
for cumulative GDD to jointing only at Lexington in 2017 (Table 3.81), which is likely 
due to lack of data for the jointing growth stage in Princeton trials for the Mar. seeding 
date.  After pseudostem erection, there was no further data collected at Princeton in 2017 
as no cultivars entered reproductive growth stages for that trial (Table 3.81).  However, 
significant differences (P < 0.05) were detected among cultivars for cumulative GDD 
required to flag leaf and beginning flower at both Lexington in 2017 and Princeton in 
2016 (Table 3.82; Table 3.83).  Interestingly, differences (P < 0.05) were detected among 
cultivars at Lexington for number of cumulative GDD required to full flower, but no 
differences (P > 0.05) were detected at Princeton in 2016 (Table 3.84).  This is possibly 
due to fewer cultivars reaching full flower at Princeton (Pembroke 2008 and Terral 
TV8848) versus Lexington (BECK 113, Bess, Delta Grow 9700, Pioneer variety 26R10, 
Pioneer variety 26R20, USG 3438, and USG 3993).  Vernalization days ranged from 1.57 
at Princeton in 2017 to 10.7 at Princeton in 2016, while Lexington in 2017 accumulated 
4.97 vernalization days (Figure 3.17).  Inadequate vernalization likely had a strong effect 
on the lack of reproductive growth at the Mar. seeding dates in all three trials.  In 
particular, at Princeton in 2017, less than two vernalization days were accumulated, 
which likely attributed to none of the cultivars entering reproductive growth stages.  
Some very striking similarities were observed for cultivars that persisted to flower in the 
least number of cumulative GDD in the field at Lexington for the Mar. seeding date and 
those that flowered in the fewest number of days after just three weeks of outdoor 
vernalization in the greenhouse trial at Lexington.  BECK 113 and Pioneer variety 26R20 
required least and second least number of cumulative GDD to full flower in the field at 
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Lexington (Table 3.84) as well as required the fewest days to full flower after three 
weeks of vernalization in the Lexington greenhouse trial.  These results seem to suggest 
that both BECK 113 and Pioneer variety 26R20 require little vernalization, especially 
taking into consideration that less than 5 vernalization days were accumulated at 
Lexington for the Mar. seeding date.   
As expected, striking differences for the number of cumulative GDD to each growth 
stage were detected among the six seeding dates of the field trial. However, the main goal 
of the field assay was to determine if cumulative GDD can be used as a simple prediction 
tool to assist management decisions of Kentucky producers.  In Kentucky, most SRWW 
is planted in Oct. and Nov.  Therefore, the average cumulative GDD from all three field 
trials for the Oct. and Nov. seeding dates were used to develop a cumulative GDD scale 
to predict SRWW growth stages (Table 3.93).   
Once the prediction tool was developed, several methods were used to validate its 
accuracy.  First a Pearson correlation coefficient (r = 0.99939) was determined for the 
average cumulative GDD to growth stages (Feekes 3, Feekes 5, Feekes 10.5.1, and 
Feekes 11.4) across the three field trials for the Oct. and Nov. seeding dates and average 
cumulative GDD to the same four stages as reported in 12 refereed management reports 
and journal articles (Hershman, et al., 2007; Hershman, et al., 2010a; Hershman, et al., 
2010b; Hershman, et al., 2010c; Hershman, et al., 2010d; Hershman, et al., 2010e; 
Hershman, et al., 2011a; Hershman, et al., 2011b; Hershman, et al., 2012; Hershman, et 
al., 2013; Knott, et al., 2015a; Knott, et al., 2016; Knott, et al., 2015b; Masoni, et al., 
1990).  Next the average cumulative GDD to Feekes 3, 5, 10.5.1 and 11.4 from the 
published reports (described above) were regressed on the average cumulative GDD for 
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the same growth stages from the Oct. and Nov. seeding dates.  The adjusted R2 value was 
very high (adjusted R2 = 0.9997).  The final validation of the simple prediction tool was 
to determine the predicted date of each of the eight growth stages using the tool for the 
last ten years (Table 3.94).  Statewide daily temperature averages were obtained from the 
University of Kentucky’s Agricultural Weather Center and daily cumulative GDD were 
determined.   
Emergence, green-up (Feekes 3), and pseudostem erection (Feekes 5) were predicted 
to range from 25 Oct to 1 Nov, 30 Jan to 22 Mar., and 12 Mar to 17 Apr., respectively.  
The predicted emergence dates all appear reasonable.  In contrast, the predicted dates for 
green-up (Feekes 3) and pseudostem erection (Feekes 5) in 2012, 2016, and 2017 
appeared to be early in the season: 30 Jan, 26 Dec, 11 Jan, and 12 Mar, 28 Feb, 19 Feb, 
respectively.  The dates for reproductive growth stages jointing (Feekes 6) and flag leaf 
(Feekes 9) were predicted to range from 7 Apr. to 24 Apr. and 24 Apr. to 7 May, 
respectively.  The predicted dates for jointing (Feekes 6) and flag leaf (Feekes 9) in 2012, 
2016, and 2017 also appeared to be early in the season: 27 Feb. to 18 Mar. and 25 Mar. to 
30 Mar, respectively.  The dates for beginning flower, full flower, and harvest maturity 
were predicted to range from 8 May to 20 May, 12 May to 23 May, and 21 Jun. to 29 Jun, 
respectively.  Predicted dates to beginning flower, full flower, and harvest maturity 
appeared to be early in the 2012, 2016, and 2017 seasons as well: 9 Apr. to 17 Apr., 13 
Apr. to 21 Apr., and 3 Jun. and 7 Jun. respectively. 
Reports from extension professionals discussing nitrogen management for Kentucky 
SRWW mentioned that wheat was progressing faster than normal as early as Jan. of 2012 
(Murdock, 2012), while reports regarding disease management and potential for freeze 
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damage indicated Kentucky SRWW was between the boot stage and heading from 4 Apr. 
to 6 Apr. 2012 (Hershman, 2012; Lee, 2012).  The scale developed here estimated 
beginning flower to occur on 15 Apr. that year.  In 2016, extension professionals reported 
that wheat harvest was underway as early as 11 Jun., which is a couple of weeks ahead of 
schedule (Lee, 2016).  The cumulative GDD scale developed here estimated harvest 
maturity to occur on 7 Jun. in 2016.  On 23 Feb, 2017 producers and consultants were 
concerned about the risk of freeze damage to Kentucky SRWW as the crop was at the late 
pseudostem erection stage nearing jointing in some areas of the state, which is extremely 
advanced (Knott, et al., 2017).  For the 2017 Kentucky SRWW growing season, the 
cumulative GDD scale developed estimated pseudostem erection and jointing to have 
occurred on 19 Feb and 27 Feb, respectively.   Data from across Kentucky in years where 
wheat was on- schedule and advanced both seem to support the validity of a simple 
prediction tool utilizing cumulative GDD to predict SRWW growth stages in Kentucky.   
The date which the prediction scale (Table 3.94) indicated that key development 
stages would occur were determined for the past ten winter wheat growing seasons to 
ensure prediction scale formulated here did not estimate unrealistic timing of winter 
wheat growth and development based on historical data.  Seven out of the past ten winter 
wheat growing seasons were considered on-schedule and three of the growing seasons 
were unseasonably mild and resulted in much greater accumulated GDD early in the 
season (2012, 2016, and 2017).   
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Table 3.1 Allelic designation for 50 soft red winter wheat cultivars and experimental lines 
at three photoperiod and two reduced height loci as determined by Kompetitive Allele 
Specific PCR (KASP). NA indicates unclear separation in FAM or VIC fluorophore 
intensity. 
 Allelic Designation 
Cultivar Ppd-D1† Ppd-A1 Ppd-B1 Rht-B1 
Rht-
D1 
AgriMAXX 412 Sensitive Insensitive Insensitive W.T. W.T. 
AgriMAXX 413 Insensitive Sensitive NA S.D. W.T. 
AgriMAXX 415 Insensitive Sensitive Sensitive W.T. S.D. 
ARMOR HAVOC Insensitive Sensitive Sensitive W.T. S.D. 
ARMOR OCTANE Sensitive Insensitive Sensitive S.D. W.T. 
ARMOR RAMPAGE Insensitive Sensitive Sensitive W.T. S.D. 
ARMOR VANDAL Insensitive Sensitive Sensitive NA S.D. 
BECK 113 Insensitive Sensitive Sensitive W.T. S.D. 
BECK 120 Insensitive Sensitive Sensitive S.D. W.T. 
BECK 129 Insensitive Sensitive Sensitive W.T. S.D. 
Bess Sensitive Insensitive Sensitive S.D. W.T. 
Clark NA NA Sensitive W.T. NA 
Delta Grow 7200 Insensitive Sensitive Sensitive W.T. S.D. 
Delta Grow 9700 Insensitive Sensitive Sensitive W.T. S.D. 
Dyna-Gro 9042 Insensitive Sensitive Sensitive W.T. S.D. 
Dyna-Gro 9171 Insensitive Sensitive Sensitive S.D. W.T. 
Dyna-Gro 9223 Insensitive Sensitive Sensitive W.T. S.D. 
Dyna-Gro 9343 Sensitive Sensitive Sensitive S.D. W.T. 
Equity Brand Sienna NA Insensitive Sensitive S.D. W.T. 
KAS 5058 Sensitive Insensitive Sensitive S.D. W.T. 
KAS S1200 Insensitive Sensitive Sensitive S.D. W.T. 
KY03C-1237-05 Sensitive Sensitive Sensitive S.D. W.T. 
KY03C-1237-12 Sensitive Insensitive Sensitive S.D. W.T. 
Pembroke 2008 Insensitive NA Sensitive NA S.D. 
Pembroke 2014 Insensitive Insensitive Sensitive S.D. W.T. 
Pembroke 2016 Insensitive Insensitive Sensitive S.D. W.T. 
Pioneer variety 25R32 Insensitive Sensitive Sensitive W.T. S.D. 
Pioneer variety 25R40 Insensitive Sensitive Sensitive W.T. S.D. 
Pioneer variety 25R78 Insensitive Insensitive Sensitive S.D. W.T. 
Pioneer variety 26R10 Insensitive Sensitive Sensitive W.T. S.D. 
Pioneer variety 26R20 Insensitive Insensitive Sensitive S.D. W.T. 
†Ppd-D1 determined with wMAS000024 KASP marker; Ppd-A1 determined with Ppd-
A1prodel KASP marker; Ppd-B1 determined with wMAS000027 KASP marker; Rht-B1 
determined with wMAS000001 KASP marker; Rht-D1 determined with wMAS000002 
KASP marker; W.T. = wild type tall; S.D. = semi dwarf.  
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Table 3.1 (continued) Allelic designation for 50 soft red winter wheat cultivars and 
experimental lines at three photoperiod and two reduced height loci as determined by 
Kompetitive Allele Specific PCR (KASP). NA indicates unclear separation in FAM or 
VIC fluorophore intensity. 
†Ppd-D1 determined with wMAS000024 KASP marker; Ppd-A1 determined with Ppd-
A1prodel KASP marker; Ppd-B1 determined with wMAS000027 KASP marker; Rht-B1 
determined with wMAS000001 KASP marker; Rht-D1 determined with wMAS000002 
KASP marker; W.T. = wild type tall; S.D. = semi dwarf. 
 
 
 
 
 
  
 Allelic Designation 
Cultivar Ppd-D1† Ppd-A1 Ppd-B1 Rht-B1 Rht-D1 
Pioneer variety 26R41 Insensitive Insensitive Sensitive W.T. S.D. 
Pioneer variety 26R53 Insensitive Sensitive Sensitive W.T. S.D. 
PROGENY P 117 Sensitive Sensitive NA S.D. W.T. 
Seed Consultants 1321 Insensitive Sensitive Sensitive S.D. W.T. 
Seed Consultants 1342 Insensitive Sensitive Sensitive W.T. S.D. 
Southern States 8340 Insensitive Sensitive Sensitive W.T. S.D. 
Southern States 8412 Sensitive Insensitive Sensitive W.T. S.D. 
Southern States 8700 Insensitive Sensitive Sensitive W.T. S.D. 
STEYER HUNKER Insensitive Sensitive Sensitive W.T. S.D. 
STEYER PIERSON Sensitive Sensitive Sensitive S.D. W.T. 
SYNGENTA SY 483 Insensitive Sensitive Sensitive S.D. W.T. 
Terral TV8525 Insensitive Insensitive Sensitive W.T. S.D. 
Terral TV8848 Insensitive Sensitive Sensitive W.T. S.D. 
Terral TV8861 Insensitive Sensitive Sensitive W.T. S.D. 
Truman Sensitive Sensitive Sensitive S.D. W.T. 
USG 3251 Insensitive Sensitive Sensitive W.T. S.D. 
USG 3438 Insensitive Sensitive Sensitive S.D. W.T. 
USG 3612 Insensitive Sensitive Sensitive W.T. S.D. 
USG 3993 Sensitive Sensitive Sensitive S.D. W.T. 
64 
 
Table 3.2 Allelic designation for 50 soft red winter wheat cultivars and experimental lines 
and ‘Norden’ at two vernalization loci as determined by Kompetitive Allele Specific PCR 
(KASP). 
 Allelic Designation 
Cultivar Vrn-A1† Vrn-B1 
AgriMAXX 412 Winter Winter 
AgriMAXX 413 Winter Winter 
AgriMAXX 415 Winter Winter 
ARMOR HAVOC Winter Winter 
ARMOR OCTANE Winter Winter 
ARMOR RAMPAGE Winter Winter 
ARMOR VANDAL Winter Winter 
BECK 113 Winter Winter 
BECK 120 Winter Winter 
BECK 129 Winter Winter 
Bess Winter Winter 
Clark Winter Winter 
Delta Grow 7200 Winter Winter 
Delta Grow 9700 Winter Winter 
Dyna-Gro 9042 Winter Winter 
Dyna-Gro 9171 Winter Winter 
Dyna-Gro 9223 Winter Winter 
Dyna-Gro 9343 Winter Winter 
Equity Brand Sienna Winter Winter 
KAS 5058 Winter Winter 
KAS S1200 Winter Winter 
KY03C-1237-05 Winter Winter 
KY03C-1237-12 Winter Winter 
Pembroke 2008 Winter Winter 
Pembroke 2014 Winter Winter 
Pembroke 2016 Winter Winter 
Pioneer variety 25R32 Winter Winter 
Pioneer variety 25R40 Winter Winter 
Pioneer variety 25R78 Winter Winter 
Pioneer variety 26R10 Winter Winter 
Pioneer variety 26R20 Winter Winter 
Pioneer variety 26R41 Winter Winter 
Pioneer variety 26R53 Winter Winter 
†Vrn-A1 determined with wMAS000033 KASP marker;  
Vrn-B1 determined with Vrn-B1_I_D KASP marker.  
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Table 3.2 (continued) Allelic designation for 50 soft red winter wheat cultivars and 
experimental lines and ‘Norden’ at two vernalization loci as determined by Kompetitive 
Allele Specific PCR (KASP).  
 
 
 
 
 
 
 
 
 
 
 
 
†Vrn-A1 determined with wMAS000033 KASP marker;  
Vrn-B1 determined with Vrn-B1_I_D KASP marker. 
 
 Allelic Designation 
Cultivar Vrn-A1† Vrn-B1 
PROGENY P 117 Winter Winter 
Seed Consultants 1321 Winter Winter 
Seed Consultants 1342 Winter Winter 
Southern States 8340 Winter Winter 
Southern States 8412 Winter Winter 
Southern States 8700 Winter Winter 
STEYER HUNKER Winter Winter 
STEYER PIERSON Winter Winter 
SYNGENTA SY 483 Winter Winter 
Terral TV8525 Winter Winter 
Terral TV8848 Winter Winter 
Terral TV8861 Winter Winter 
Truman Winter Winter 
USG 3251 Winter Winter 
USG 3438 Winter Winter 
USG 3612 Winter Winter 
USG 3993 Winter Winter 
Norden Spring Spring 
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Table 3.3 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in October. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
AgriMAXX 412  274   433   392 DEFG‡ 
AgriMAXX 413  296   297   510 ABC 
AgriMAXX 415  303   373   366 G 
ARMOR HAVOC  299   496   370 G 
ARMOR OCTANE  299   496   366 G 
ARMOR RAMPAGE  291   537   396 CDEFG 
ARMOR VANDAL  294   584   472 ABCD 
BECK 113  307   519   396 CDEFG 
BECK 120  307   367   383 EFG 
BECK 129  296   433   370 G 
Bess  303   534   370 G 
Clark  306   582   396 CDEFG 
Delta Grow 7200  286   467   403 CDEFG 
Delta Grow 9700  286   492   383 EFG 
Dyna-Gro 9042  293   417   357 G 
Dyna-Gro 9171  286   455   383 EFG 
Dyna-Gro 9223  299   657   370 G 
Dyna-Gro 9343  299   462   357 G 
Equity Brand Sienna  274   432   355 G 
KAS 5058  281   433   408 CDEFG 
KAS S1200  314   555   383 EFG 
KY03C-1237-05  274   373   370 G 
KY03C-1237-12  299   585   421 CDEFG 
Pembroke 2008  298   452   383 EFG 
Pembroke 2014  279   527   449 CDEF 
Pembroke 2016  299   433   357 G 
Pioneer variety 25R32  303   485   404 CDEFG 
Pioneer variety 25R40  274   365   357 G 
Pioneer variety 25R78  267   .   366 G 
Pioneer variety 26R10  286   532   391 EFG 
Pioneer variety 26R20  287   462   383 EFG 
Pioneer variety 26R41  286   532   370 G 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature [in °F] 
– 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) different. 
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Table 3.3 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in October. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  299   472   383 EFG‡ 
PROGENY P 117  303   452   383 EFG 
Seed Consultants 1321  287   .   383 EFG 
Seed Consultants 1342  274   .   532 AB 
Southern States 8340  287   587   391 EFG 
Southern States 8412  279   711   395 CDEFG 
Southern States 8700  319   335   454 BCDE 
STEYER HUNKER  307   579   416 CDEFG 
STEYER PIERSON  279   432   551 A 
SYNGENTA SY 483  316   632   472 ABCD 
Terral TV8525  319   400   374 FG 
Terral TV8848  286   492   383 EFG 
Terral TV8861  303   413   404 CDEFG 
Truman  296   373   409 CDEFG 
USG 3251  286   681   383 EFG 
USG 3438  286   432   383 EFG 
USG 3612  291   476   449 CDEF 
USG 3993   291     373     366 G 
P-value  0.9934   0.0870   0.0024  
Mean  293   481   399  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.4 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in October. 
  GDD† Date of Planting to Feekes 3 
Cultivar  Princeton 2016  Princeton 2017  Lexington 2017 
AgriMAXX 412  1,943   1,610   1,464 D‡ 
AgriMAXX 413  1,943   1,672   1,464 CD 
AgriMAXX 415  1,943   1,651   1,558 CD 
ARMOR HAVOC  1,943   1,610   1,464 D 
ARMOR OCTANE  1,943   1,610   1,464 D 
ARMOR RAMPAGE  2,082   1,672   1,588 BCD 
ARMOR VANDAL  2,281   1,610   1,653 ABCD 
BECK 113  1,943   1,651   1,646 ABCD 
BECK 120  2,082   1,610   1,464 D 
BECK 129  1,943   1,610   1,558 CD 
Bess  1,943   1,693   1,464 D 
Clark  1,943   1,610   1,588 BCD 
Delta Grow 7200  1,943   1,610   1,653 ABCD 
Delta Grow 9700  1,943   1,706   1,464 D 
Dyna-Gro 9042  1,943   1,674   1,558 CD 
Dyna-Gro 9171  1,943   1,674   1,558 CD 
Dyna-Gro 9223  1,985   1,672   1,464 D 
Dyna-Gro 9343  1,943   1,674   1,514 CD 
Equity Brand Sienna  1,943   1,610   1,464 D 
KAS 5058  1,943   1,610   1,588 BCD 
KAS S1200  1,943   1,651   1,464 D 
KY03C-1237-05  1,943   1,716   1,464 D 
KY03C-1237-12  1,943   1,651   1,653 ABCD 
Pembroke 2008  2,168   1,610   1,464 D 
Pembroke 2014  1,943   1,651   1,646 ABCD 
Pembroke 2016  1,943   1,651   1,464 D 
Pioneer variety 25R32  1,943   1,610   1,646 ABCD 
Pioneer variety 25R40  1,943   1,651   1,464 D 
Pioneer variety 25R78  2,168   1,803   1,464 D 
Pioneer variety 26R10  1,943   1,674   1,464 D 
Pioneer variety 26R20  1,943   1,651   1,464 D 
Pioneer variety 26R41  1,943   1,610   1,464 D 
Pioneer variety 26R53  1,943   1,651   1,464 D 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
69 
 
Table 3.4 (continued) Cumulative growing degree days (GDD) from the date of planting 
to Feekes 3 for three field trials when planted in October. 
   GDD† Date of Planting to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,943   1,610   1,558 CD‡ 
Seed Consultants 1321  1,943   1,734   1,558 CD 
Seed Consultants 1342  1,943   1,739   1,791 AB 
Southern States 8340  1,943   1,651   1,646 ABCD 
Southern States 8412  1,943   1,693   1,558 CD 
Southern States 8700  1,943   1,651   1,725 ABC 
STEYER HUNKER  1,943   1,610   1,653 ABCD 
STEYER PIERSON  1,943   1,610   1,606 ABCD 
SYNGENTA SY 483  1,943   1,716   1,850 A 
Terral TV8525  1,943   1,610   1,558 CD 
Terral TV8848  1,943   1,734   1,464 D 
Terral TV8861  1,943   1,610   1,682 ABC 
Truman  1,943   1,706   1,464 D 
USG 3251  1,943   1,716   1,646 ABCD 
USG 3438  1,943   1,651   1,558 CD 
USG 3612  1,943   1,610   1,751 ABC 
USG 3993  1,943   1,672   1,464 D 
P-value  0.8022   0.2186   0.0143  
Mean  1965   1655   1555  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.5 Cumulative growing degree days (GDD) from the date of planting to Feekes 5 
for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 5 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  2,361   2,132   1,873 GHIJK‡ 
AgriMAXX 413  2,361   2,146   2,041 ABCDEFGHIJK 
AgriMAXX 415  2,361   1,969   1,985 BCDEFGHIJK 
ARMOR HAVOC  2,409   1,940   1,873 GHIJK 
ARMOR OCTANE  2,361   1,912   1,861 HIJK 
ARMOR RAMPAGE  2,576   2,100   2,234 AB 
ARMOR VANDAL  2,242   1,992   2,101 ABCDEFG 
BECK 113  2,242   1,897   1,972 CDEFGHIJK 
BECK 120  2,722   1,940   1,899 FGHIJK 
BECK 129  2,456   1,839   2,096 ABCDEFGH 
Bess  2,456   2,043   1,887 FGHIJK 
Clark  2,361   2,071   2,081 ABCDEFGHI 
Delta Grow 7200  2,361   1,970   2,084 ABCDEFGHI 
Delta Grow 9700  2,456   2,105   1,972 CDEFGHIJK 
Dyna-Gro 9042  2,522   2,072   1,985 BCDEFGHIJK 
Dyna-Gro 9171  2,522   2,132   1,965 DEFGHIJK 
Dyna-Gro 9223  2,409   2,145   1,819 JK 
Dyna-Gro 9343  2,619   2,116   1,873 GHIJK 
Equity Brand Sienna  2,409   1,970   2,078 ABCDEFGHI 
KAS 5058  2,490   1,925   1,965 DEFGHIJK 
KAS S1200  2,490   1,956   1,861 HIJK 
KY03C-1237-05  2,456   2,146   1,954 DEFGHIJK 
KY03C-1237-12  .   2,057   2,208 ABC 
Pembroke 2008  2,456   1,970   1,873 GHIJK 
Pembroke 2014  2,194   2,059   2,230 AB 
Pembroke 2016  2,456   1,956   1,806 K 
Pioneer variety 25R32  .   1,882   1,985 BCDEFGHIJK 
Pioneer variety 25R40  2,545   2,072   1,861 HIJK 
Pioneer variety 25R78  2,361   2,433   1,899 FGHIJK 
Pioneer variety 26R10  2,361   2,175   1,929 FGHIJK 
Pioneer variety 26R20  2,409   2,189   1,815 K 
Pioneer variety 26R41  2,361   2,012   1,861 HIJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.5 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 5 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 5 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  2,456   2,146   1,861 HIJK‡ 
PROGENY P 117  2,361   2,014   1,943 EFGHIJK 
Seed Consultants 1321  2,479   2,256   1,967 DEFGHIJK 
Seed Consultants 1342  .   2,186   2,241 AB 
Southern States 8340  .   2,162   2,273 A 
Southern States 8412  2,409   2,057   1,873 GHIJK 
Southern States 8700  2,570   1,968   2,119 ABCDEF 
STEYER HUNKER  .   2,069   2,208 ABC 
STEYER PIERSON  2,027   2,145   2,080 ABCDEFGHIJ 
SYNGENTA SY 483  .   2,439   2,241 AB 
Terral TV8525  2,409   1,998   1,985 BCDEFGHIJK 
Terral TV8848  2,606   2,100   1,848 IJK 
Terral TV8861  2,456   2,114   2,190 ABCD 
Truman  2,456   2,189   1,985 BCDEFGHIJK 
USG 3251  2,027   2,247   1,943 EFGHIJK 
USG 3438  2,541   2,027   1,985 BCDEFGHIJK 
USG 3612  2,537   2,099   2,181 ABCDE 
USG 3993   2,570     1,926     1,873 GHIJK 
P-value  0.3725   0.5693   0.0001  
Mean  2425   2069   1994  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.6 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 6 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  2,532   2,210   2,208 ABCDEFGHI‡ 
AgriMAXX 413  2,662   2,242   2,222 ABCDEFGHI 
AgriMAXX 415  2,749   2,161   2,251 ABCDEFG 
ARMOR HAVOC  2,662   2,043   2,138 BCDEFGHI 
ARMOR OCTANE  2,651   2,057   2,106 EFGHI 
ARMOR RAMPAGE  2,739   2,256   2,389 A 
ARMOR VANDAL  2,522   2,059   2,315 ABCDE 
BECK 113  2,651   2,028   2,208 ABCDEFGHI 
BECK 120  2,696   2,043   2,208 ABCDEFGHI 
BECK 129  2,651   1,971   2,234 ABCDEFGH 
Bess  2,662   2,231   2,061 GHI 
Clark  2,652   2,231   2,181 ABCDEFGHI 
Delta Grow 7200  2,717   2,086   2,141 CDEFGHI 
Delta Grow 9700  2,561   2,229   2,119 DEFGHI 
Dyna-Gro 9042  2,664   2,202   2,216 ABCDEFGHI 
Dyna-Gro 9171  2,719   2,237   2,139 CDEFGHI 
Dyna-Gro 9223  2,674   2,297   1,962 I 
Dyna-Gro 9343  2,651   2,231   2,163 BCDEFGHI 
Equity Brand Sienna  2,586   2,057   2,273 ABCDEFG 
KAS 5058  2,662   2,059   2,231 ABCDEFGH 
KAS S1200  2,662   2,161   2,123 CDEFGHI 
KY03C-1237-05  2,662   2,333   2,139 CDEFGHI 
KY03C-1237-12  2,791   2,204   2,331 ABCD 
Pembroke 2008  2,760   2,084   2,190 ABCDEFGHI 
Pembroke 2014  2,510   2,161   2,331 ABCD 
Pembroke 2016  2,537   2,189   2,029 HI 
Pioneer variety 25R32  2,727   1,971   2,273 ABCDEFG 
Pioneer variety 25R40  2,717   2,202   2,155 BCDEFGHI 
Pioneer variety 25R78  2,684   2,514   2,208 ABCDEFGHI 
Pioneer variety 26R10  2,586   2,288   2,235 ABCDEFGH 
Pioneer variety 26R20  2,607   2,237   2,011 I 
Pioneer variety 26R41  2,662   2,143   2,096 FGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
73 
 
Table 3.6 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 6 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  2,554   2,210   2,119 DEFGHI‡ 
PROGENY P 117  2,662   2,141   2,145 BCDEFGHI 
Seed Consultants 1321  2,662   2,358   2,252 ABCDEFG 
Seed Consultants 1342  2,727   2,494   2,359 ABC 
Southern States 8340  2,799   2,275   2,331 ABCD 
Southern States 8412  2,554   2,141   2,173 ABCDEFGHI 
Southern States 8700  2,749   2,132   2,315 ABCDE 
STEYER HUNKER  2,554   2,247   2,315 ABCDE 
STEYER PIERSON  2,576   2,349   2,272 ABCDEFG 
SYNGENTA SY 483  2,607   2,514   2,383 AB 
Terral TV8525  2,586   2,161   2,212 ABCDEFGHI 
Terral TV8848  2,727   2,277   2,078 GHI 
Terral TV8861  2,662   2,322   2,309 ABCDEF 
Truman  2,683   2,382   2,252 ABCDEFG 
USG 3251  2,576   2,376   2,119 DEFGHI 
USG 3438  2,706   2,132   2,238 ABCDEFGH 
USG 3612  2,686   2,295   2,346 ABC 
USG 3993   2,706     2,192     2,088 GHI 
P-value  0.6541   0.6537   0.0218  
Mean  2655   2208   2204  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
74 
 
Table 3.7 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 9 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  2,969   2,779   2,640 EFG‡ 
AgriMAXX 413  2,977   2,801   2,722 ABCDEFG 
AgriMAXX 415  2,935   2,718   2,640 EFG 
ARMOR HAVOC  2,945   2,717   2,603 FG 
ARMOR OCTANE  2,945   2,849   2,664 CDEFG 
ARMOR RAMPAGE  3,105   2,747   2,857 AB 
ARMOR VANDAL  2,880   2,664   2,748 ABCDEF 
BECK 113  2,828   2,676   2,740 ABCDEF 
BECK 120  3,050   2,697   2,737 ABCDEFG 
BECK 129  2,914   2,632   2,713 BCDEFG 
Bess  3,031   2,736   2,615 EFG 
Clark  3,071   2,736   2,704 BCDEFG 
Delta Grow 7200  2,924   2,717   2,762 ABCDEF 
Delta Grow 9700  2,924   2,843   2,603 FG 
Dyna-Gro 9042  2,977   2,784   2,713 BCDEFG 
Dyna-Gro 9171  2,979   2,772   2,678 CDEFG 
Dyna-Gro 9223  2,935   2,853   2,579 G 
Dyna-Gro 9343  3,000   2,766   2,640 EFG 
Equity Brand Sienna  2,914   2,715   2,764 ABCDE 
KAS 5058  3,000   2,697   2,688 CDEFG 
KAS S1200  2,977   2,739   2,651 DEFG 
KY03C-1237-05  2,977   2,834   2,666 CDEFG 
KY03C-1237-12  3,080   2,772   2,823 ABC 
Pembroke 2008  3,053   2,695   2,713 BCDEFG 
Pembroke 2014  2,926   2,849   2,917 A 
Pembroke 2016  2,892   2,739   2,603 FG 
Pioneer variety 25R32  3,103   2,694   2,702 BCDEFG 
Pioneer variety 25R40  3,021   2,766   2,664 CDEFG 
Pioneer variety 25R78  3,076   3,018   2,640 EFG 
Pioneer variety 26R10  2,956   2,926   2,675 CDEFG 
Pioneer variety 26R20  2,977   2,866   2,652 DEFG 
Pioneer variety 26R41  3,008   2,673   2,603 FG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.7 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 9 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  2,923   2,799   2,762 ABCDEF‡ 
PROGENY P 117  2,924   2,759   2,712 BCDEFG 
Seed Consultants 1321  2,893   2,946   2,764 ABCDE 
Seed Consultants 1342  3,031   2,898   2,760 ABCDEF 
Southern States 8340  3,069   2,792   2,803 ABCD 
Southern States 8412  2,860   2,863   2,748 ABCDEF 
Southern States 8700  2,995   2,671   2,824 ABC 
STEYER HUNKER  2,947   2,752   2,740 ABCDEF 
STEYER PIERSON  2,944   2,736   2,724 ABCDEFG 
SYNGENTA SY 483  3,031   2,863   2,833 ABC 
Terral TV8525  2,893   2,709   2,702 BCDEFG 
Terral TV8848  3,031   2,790   2,579 G 
Terral TV8861  2,924   2,801   2,820 ABC 
Truman  3,008   2,879   2,678 CDEFG 
USG 3251  2,893   2,840   2,726 ABCDEFG 
USG 3438  3,105   2,736   2,726 ABCDEFG 
USG 3612  3,080   2,736   2,853 AB 
USG 3993   3,008     2,664     2,712 BCDEFG 
P-value  0.7927   0.8337   0.0098  
Mean  2978   2774   2712  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.8 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  3,299   3,124   3,130 HIJK‡ 
AgriMAXX 413  3,366   3,203   3,189 CDEFGHI 
AgriMAXX 415  3,366   3,148   3,130 HIJK 
ARMOR HAVOC  3,462   3,095   3,130 HIJK 
ARMOR OCTANE  3,299   3,274   3,149 GHI 
ARMOR RAMPAGE  .   3,094   3,240 BCDE 
ARMOR VANDAL  .   3,158   3,207 CDEFG 
BECK 113  3,299   3,067   3,130 HIJK 
BECK 120  .   3,139   3,158 FGHI 
BECK 129  3,366   3,077   3,197 CDEFGH 
Bess  .   3,195   3,115 IJK 
Clark  3,462   3,195   3,188 DEFGHI 
Delta Grow 7200  3,299   3,178   3,251 BCD 
Delta Grow 9700  3,366   3,321   3,193 CDEFGHI 
Dyna-Gro 9042  .   3,253   3,166 EFGHI 
Dyna-Gro 9171  .   3,168   3,137 GHIJK 
Dyna-Gro 9223  3,462   3,310   3,068 JK 
Dyna-Gro 9343  3,366   3,209   3,140 GHIJ 
Equity Brand Sienna  3,508   3,149   3,165 EFGHI 
KAS 5058  .   3,219   3,168 EFGHI 
KAS S1200  .   3,122   3,173 DEFGHI 
KY03C-1237-05  .   3,246   3,173 DEFGHI 
KY03C-1237-12  3,366   3,152   3,191 CDEFGHI 
Pembroke 2008  3,299   3,124   3,149 GHI 
Pembroke 2014  3,549   3,233   3,525 A 
Pembroke 2016  3,299   3,172   3,115 IJK 
Pioneer variety 25R32  3,549   3,114   3,140 GHIJ 
Pioneer variety 25R40  3,299   3,124   3,121 IJK 
Pioneer variety 25R78  .   3,450   3,140 GHIJ 
Pioneer variety 26R10  3,414   3,321   3,181 DEFGHI 
Pioneer variety 26R20  3,366   3,215   3,156 FGHI 
Pioneer variety 26R41  3,366   3,106   3,121 IJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.8 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  .   3,239   3,173 DEFGHI‡ 
PROGENY P 117  3,462   3,209   3,166 EFGHI 
Seed Consultants 1321  3,414   3,418   3,197 CDEFGH 
Seed Consultants 1342  .   3,339   3,258 BCD 
Southern States 8340  .   3,186   3,226 BCDEF 
Southern States 8412  3,462   3,240   3,182 DEFGHI 
Southern States 8700  3,462   3,112   3,172 EFGHI 
STEYER HUNKER  3,380   3,193   3,189 CDEFGHI 
STEYER PIERSON  .   3,192   3,197 CDEFGHI 
SYNGENTA SY 483  3,462   3,230   3,310 B 
Terral TV8525  3,366   3,124   3,149 GHI 
Terral TV8848  .   3,250   3,063 K 
Terral TV8861  3,299   3,206   3,266 BC 
Truman  3,366   3,269   3,212 CDEFG 
USG 3251  3,366   3,274   3,116 IJK 
USG 3438  3,549   3,095   3,156 FGHI 
USG 3612  3,366   3,172   3,253 BCD 
USG 3993   .     3,148     3,149 GHI 
P-value  0.1734   0.3782   <.0001  
Mean  3393   3197   3177  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.9 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  3,427      3,189 H‡ 
AgriMAXX 413  3,462      3,293 BCDEFGH 
AgriMAXX 415  3,404      3,189 H 
ARMOR HAVOC  3,391      3,213 H 
ARMOR OCTANE  3,366      3,226 GH 
ARMOR RAMPAGE  3,526      3,307 BCDEFG 
ARMOR VANDAL  3,380      3,263 DEFGH 
BECK 113  3,438      3,220 GH 
BECK 120  3,501      3,220 GH 
BECK 129  3,414      3,303 BCDEFG 
Bess  3,506      3,197 H 
Clark  3,445      3,258 DEFGH 
Delta Grow 7200  3,430      3,316 BCDEF 
Delta Grow 9700  3,423      3,262 DEFGH 
Dyna-Gro 9042  3,491      3,258 DEFGH 
Dyna-Gro 9171  3,423      3,204 H 
Dyna-Gro 9223  3,391      3,182 H 
Dyna-Gro 9343  3,438      3,213 H 
Equity Brand Sienna  3,418      3,226 GH 
KAS 5058  3,398      3,237 EFGH 
KAS S1200  3,477      3,260 DEFGH 
KY03C-1237-05  3,430      3,239 EFGH 
KY03C-1237-12  3,494      3,278 CDEFGH 
Pembroke 2008  3,540      3,207 H 
Pembroke 2014  3,418      3,622 A 
Pembroke 2016  3,430      3,191 H 
Pioneer variety 25R32  3,590      3,239 EFGH 
Pioneer variety 25R40  3,462      3,211 H 
Pioneer variety 25R78  3,558      3,220 GH 
Pioneer variety 26R10  3,423      3,248 EFGH 
Pioneer variety 26R20  3,391      3,204 H 
Pioneer variety 26R41  3,462   3,330   3,191 H 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.9 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  3,436      3,232 FGH‡ 
PROGENY P 117  3,391      3,239 EFGH 
Seed Consultants 1321  3,398      3,278 CDEFGH 
Seed Consultants 1342  3,491      3,330 BCDE 
Southern States 8340  3,510      3,329 BCDE 
Southern States 8412  3,404      3,273 CDEFGH 
Southern States 8700  3,485   3,330   3,250 DEFGH 
STEYER HUNKER  3,423      3,241 EFGH 
STEYER PIERSON  3,375      3,258 DEFGH 
SYNGENTA SY 483  3,474   3,330   3,366 BC 
Terral TV8525  3,375      3,204 H 
Terral TV8848  3,445      3,182 H 
Terral TV8861  3,398      3,373 B 
Truman  3,414      3,285 CDEFGH 
USG 3251  3,423      3,198 H 
USG 3438  3,509      3,226 GH 
USG 3612  3,526      3,335 BCD 
USG 3993   3,477           3,204 H 
P-value  0.9624   -   <.0001  
Mean  3446   3330   3254  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.10 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,705   4,993   4,986  
AgriMAXX 413  4,705   4,993   4,986  
AgriMAXX 415  4,705   4,993   4,986  
ARMOR HAVOC  4,705   4,993   4,986  
ARMOR OCTANE  4,705   4,993   4,986  
ARMOR RAMPAGE  4,705   4,993   4,986  
ARMOR VANDAL  4,705   4,993   4,986  
BECK 113  4,705   4,993   4,986  
BECK 120  4,705   4,993   4,986  
BECK 129  4,705   4,993   4,986  
Bess  4,705   4,993   4,986  
Clark  4,705   4,993   4,986  
Delta Grow 7200  4,705   4,993   4,986  
Delta Grow 9700  4,705   4,993   4,986  
Dyna-Gro 9042  4,705   4,993   4,986  
Dyna-Gro 9171  4,705   4,993   4,986  
Dyna-Gro 9223  4,705   4,993   4,986  
Dyna-Gro 9343  4,705   4,993   4,986  
Equity Brand Sienna  4,705   4,993   4,986  
KAS 5058  4,705   4,993   4,986  
KAS S1200  4,705   4,993   4,986  
KY03C-1237-05  4,705   4,993   4,986  
KY03C-1237-12  4,705   4,993   4,986  
Pembroke 2008  4,705   4,993   4,986  
Pembroke 2014  4,705   4,993   4,986  
Pembroke 2016  4,705   4,993   4,986  
Pioneer variety 25R32  4,705   4,993   4,986  
Pioneer variety 25R40  4,705   4,993   4,986  
Pioneer variety 25R78  4,705   4,993   4,986  
Pioneer variety 26R10  4,705   4,993   4,986  
Pioneer variety 26R20  4,705   4,993   4,986  
Pioneer variety 26R41  4,705   4,993   4,986  
Pioneer variety 26R53  4,705   4,993   4,986  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.10 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in October. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  4,705   4,993   4,986  
Seed Consultants 1321  4,705   4,993   4,986  
Seed Consultants 1342  4,705   4,993   4,986  
Southern States 8340  4,705   4,993   4,986  
Southern States 8412  4,705   4,993   4,986  
Southern States 8700  4,705   4,993   4,986  
STEYER HUNKER  4,705   4,993   4,986  
STEYER PIERSON  4,705   4,993   4,986  
SYNGENTA SY 483  4,705   4,993   4,986  
Terral TV8525  4,705   4,993   4,986  
Terral TV8848  4,705   4,993   4,986  
Terral TV8861  4,705   4,993   4,986  
Truman  4,705   4,993   4,986  
USG 3251  4,705   4,993   4,986  
USG 3438  4,705   4,993   4,986  
USG 3612  4,705   4,993   4,986  
USG 3993   4,705     4,993     4,986   
P-value  -   1.0000     
Mean  4705   4993   4986  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.11 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in October. 
    GDD† Emergence to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,665   1,177   1,073  
AgriMAXX 413  1,632   1,313   955  
AgriMAXX 415  1,640   1,279   1,193  
ARMOR HAVOC  1,646   1,114   1,094  
ARMOR OCTANE  1,644   1,114   1,099  
ARMOR RAMPAGE  1,791   1,073   1,192  
ARMOR VANDAL  1,973   1,025   1,181  
BECK 113  1,616   1,132   1,251  
BECK 120  1,775   1,242   1,081  
BECK 129  1,588   1,177   1,188  
Bess  1,640   1,159   1,094  
Clark  1,637   1,028   1,192  
Delta Grow 7200  1,665   1,142   1,249  
Delta Grow 9700  1,647   1,118   1,081  
Dyna-Gro 9042  1,655   1,193   1,201  
Dyna-Gro 9171  1,647   1,155   1,176  
Dyna-Gro 9223  1,688   1,015   1,094  
Dyna-Gro 9343  1,644   1,147   1,157  
Equity Brand Sienna  1,665   1,177   1,110  
KAS 5058  1,662   1,177   1,180  
KAS S1200  1,635   1,096   1,081  
KY03C-1237-05  1,669   1,237   1,094  
KY03C-1237-12  1,644   1,066   1,232  
Pembroke 2008  1,870   1,157   1,081  
Pembroke 2014  1,676   1,083   1,198  
Pembroke 2016  1,646   1,177   1,107  
Pioneer variety 25R32  1,640   1,125   1,242  
Pioneer variety 25R40  1,669   1,245   1,107  
Pioneer variety 25R78  1,901   .   1,099  
Pioneer variety 26R10  1,647   1,077   1,073  
Pioneer variety 26R20  1,646   1,147   1,081  
Pioneer variety 26R41  1,657   1,077   1,094  
Pioneer variety 26R53  1,616   1,179   1,081  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.11 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in October. 
    GDD† Emergence to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,588   1,157   1,175  
Seed Consultants 1321  1,656   .   1,175  
Seed Consultants 1342  1,669   .   1,260  
Southern States 8340  1,656   1,064   1,255  
Southern States 8412  1,658   982   1,164  
Southern States 8700  1,598   1,275   1,271  
STEYER HUNKER  1,616   1,031   1,237  
STEYER PIERSON  1,658   1,177   1,055  
SYNGENTA SY 483  1,626   978   1,378  
Terral TV8525  1,624   1,209   1,184  
Terral TV8848  1,657   1,242   1,081  
Terral TV8861  1,640   1,197   1,278  
Truman  1,632   1,237   1,055  
USG 3251  1,647   929   1,264  
USG 3438  1,657   1,177   1,175  
USG 3612  1,652   1,134   1,302  
USG 3993   1,652     1,237     1,099   
P-value  0.8256   0.3012   0.1043  
Mean  1666   1141   1156  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.12 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in October. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,390   1,059   409  
AgriMAXX 413  2,361   474   577  
AgriMAXX 415  2,361   318   426  
ARMOR HAVOC  1,437   331   409  
ARMOR OCTANE  419   302   397  
ARMOR RAMPAGE  494   428   646  
ARMOR VANDAL  1,270   383   448  
BECK 113  1,270   246   326  
BECK 120  361   331   435  
BECK 129  2,456   229   538  
Bess  514   351   423  
Clark  419   461   494  
Delta Grow 7200  2,361   360   431  
Delta Grow 9700  514   967   508  
Dyna-Gro 9042  1,551   398   426  
Dyna-Gro 9171  1,551   458   407  
Dyna-Gro 9223  1,395   473   355  
Dyna-Gro 9343  676   442   360  
Equity Brand Sienna  1,437   361   614  
KAS 5058  547   316   377  
KAS S1200  1,519   305   397  
KY03C-1237-05  514   474   490  
KY03C-1237-12  .   406   555  
Pembroke 2008  514   361   409  
Pembroke 2014  1,223   408   584  
Pembroke 2016  1,485   305   342  
Pioneer variety 25R32  .   272   339  
Pioneer variety 25R40  602   421   397  
Pioneer variety 25R78  419   630   435  
Pioneer variety 26R10  1,390   501   465  
Pioneer variety 26R20  1,437   517   351  
Pioneer variety 26R41  419   403   397  
Pioneer variety 26R53  1,485   495   397  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.12 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in October. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,361   405   384  
Seed Consultants 1321  536   522   408  
Seed Consultants 1342  .   479   450  
Southern States 8340  .   511   627  
Southern States 8412  466   364   315  
Southern States 8700  627   317   393  
STEYER HUNKER  .   459   555  
STEYER PIERSON  2,027   1,072   475  
SYNGENTA SY 483  .   724   392  
Terral TV8525  466   389   426  
Terral TV8848  663   366   384  
Terral TV8861  514   505   508  
Truman  514   483   521  
USG 3251  2,027   532   297  
USG 3438  599   376   426  
USG 3612  595   489   431  
USG 3993   627     254     409   
P-value  0.6983   0.4757   0.3446  
Mean  1087   449   439  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.13 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in October. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  95   78   335  
AgriMAXX 413  258   96   181  
AgriMAXX 415  .   192   266  
ARMOR HAVOC  242   103   265  
ARMOR OCTANE  258   145   245  
ARMOR RAMPAGE  163   312   155  
ARMOR VANDAL  281   67   214  
BECK 113  592   131   236  
BECK 120  94   103   309  
BECK 129  163   133   138  
Bess  195   188   175  
Clark  95   161   100  
Delta Grow 7200  258   116   57  
Delta Grow 9700  227   124   146  
Dyna-Gro 9042  67   130   231  
Dyna-Gro 9171  73   105   174  
Dyna-Gro 9223  242   152   143  
Dyna-Gro 9343  65   115   290  
Equity Brand Sienna  161   87   195  
KAS 5058  161   134   266  
KAS S1200  161   205   262  
KY03C-1237-05  163   128   185  
KY03C-1237-12  .   147   123  
Pembroke 2008  227   114   317  
Pembroke 2014  343   102   101  
Pembroke 2016  163   233   223  
Pioneer variety 25R32  .   89   288  
Pioneer variety 25R40  128   130   294  
Pioneer variety 25R78  209   50   309  
Pioneer variety 26R10  176   114   306  
Pioneer variety 26R20  161   97   196  
Pioneer variety 26R41  322   131   236  
Pioneer variety 26R53  195   64   258  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.13 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in October. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  258   126   202  
Seed Consultants 1321  183   103   286  
Seed Consultants 1342  .   309   118  
Southern States 8340  .   113   58  
Southern States 8412  242   126   300  
Southern States 8700  180   164   197  
STEYER HUNKER  .   179   107  
STEYER PIERSON  334   204   192  
SYNGENTA SY 483  .   74   141  
Terral TV8525  161   163   227  
Terral TV8848  144   177   230  
Terral TV8861  227   208   119  
Truman  227   128   268  
USG 3251  334   129   176  
USG 3438  176   106   253  
USG 3612  150   196   165  
USG 3993   180     266     215   
P-value  0.4335   0.1515   0.3977  
Mean  203   141   209  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.14 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in October. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  437   569   432  
AgriMAXX 413  315   559   501  
AgriMAXX 415  293   558   389  
ARMOR HAVOC  284   673   465  
ARMOR OCTANE  263   792   558  
ARMOR RAMPAGE  367   492   468  
ARMOR VANDAL  358   606   432  
BECK 113  214   649   533  
BECK 120  355   654   529  
BECK 129  263   661   479  
Bess  369   505   553  
Clark  420   505   523  
Delta Grow 7200  244   631   621  
Delta Grow 9700  363   614   485  
Dyna-Gro 9042  312   583   498  
Dyna-Gro 9171  323   535   539  
Dyna-Gro 9223  261   556   618  
Dyna-Gro 9343  392   535   477  
Equity Brand Sienna  329   658   492  
KAS 5058  338   639   457  
KAS S1200  315   579   529  
KY03C-1237-05  315   501   527  
KY03C-1237-12  289   568   492  
Pembroke 2008  293   611   523  
Pembroke 2014  416   689   586  
Pembroke 2016  392   550   574  
Pioneer variety 25R32  376   723   429  
Pioneer variety 25R40  390   564   509  
Pioneer variety 25R78  391   505   432  
Pioneer variety 26R10  370   638   441  
Pioneer variety 26R20  369   629   641  
Pioneer variety 26R41  347   530   507  
Pioneer variety 26R53  368   589   643  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.14 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three 
field trials when planted in October. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  263   618   567  
Seed Consultants 1321  231   451   512  
Seed Consultants 1342  304   349   401  
Southern States 8340  270   517   472  
Southern States 8412  306   722   575  
Southern States 8700  246   540   509  
STEYER HUNKER  393   505   425  
STEYER PIERSON  368   387   452  
SYNGENTA SY 483  424   349   450  
Terral TV8525  307   548   490  
Terral TV8848  304   513   501  
Terral TV8861  262   479   511  
Truman  325   497   426  
USG 3251  317   464   608  
USG 3438  399   604   489  
USG 3612  394   442   507  
USG 3993   302     472     625   
P-value  0.4198   0.2843   0.4793  
Mean  331   562   508  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.15 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in October. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  448 BCDE‡  346   491  
AgriMAXX 413  358 DEFGH  403   467  
AgriMAXX 415  644 A  430   491  
ARMOR HAVOC  548 ABC  379   527  
ARMOR OCTANE  291 FGH  425   485  
ARMOR RAMPAGE  .   347   384  
ARMOR VANDAL  .   494   460  
BECK 113  578 AB  391   390  
BECK 120  .   442   422  
BECK 129  452 BCDE  446   484  
Bess  .   459   501  
Clark  238 H  459   484  
Delta Grow 7200  448 BCDE  462   490  
Delta Grow 9700  405 CDEF  479   589  
Dyna-Gro 9042  .   469   452  
Dyna-Gro 9171  .   396   459  
Dyna-Gro 9223  385 CDEFG  457   488  
Dyna-Gro 9343  452 BCDE  443   500  
Equity Brand Sienna  432 BCDEF  434   401  
KAS 5058  .   522   481  
KAS S1200  .   383   522  
KY03C-1237-05  .   412   507  
KY03C-1237-12  358 DEFGH  380   368  
Pembroke 2008  448 BCDE  430   437  
Pembroke 2014  472 ABCD  383   608  
Pembroke 2016  466 BCD  433   512  
Pioneer variety 25R32  472 ABCD  420   438  
Pioneer variety 25R40  448 BCDE  358   457  
Pioneer variety 25R78  .   431   500  
Pioneer variety 26R10  406 CDEF  395   506  
Pioneer variety 26R20  358 DEFGH  349   505  
Pioneer variety 26R41  358 DEFG  433   517  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.15 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in October. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  .   440   411  
PROGENY P 117  454 BCDE‡  450   454  
Seed Consultants 1321  453 BCDE  472   433  
Seed Consultants 1342  .   441   498  
Southern States 8340  .   394   424  
Southern States 8412  454 BCDE  377   434  
Southern States 8700  385 CDEFG  441   348  
STEYER HUNKER  338 EFGH  440   449  
STEYER PIERSON  .   455   473  
SYNGENTA SY 483  454 BCDE  367   478  
Terral TV8525  515 ABCD  416   447  
Terral TV8848  .   461   484  
Terral TV8861  544 ABC  405   446  
Truman  358 DEFGH  390   535  
USG 3251  452 BCDE  434   390  
USG 3438  250 GH  359   430  
USG 3612  358 DEFG  435   401  
USG 3993   .     484     437   
P-value  0.0389   0.9475   0.2741  
Mean  426   423   466  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.16 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in October. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  67      59  
AgriMAXX 413  96      104  
AgriMAXX 415  .      59  
ARMOR HAVOC  47      82  
ARMOR OCTANE  67      77  
ARMOR RAMPAGE  .      66  
ARMOR VANDAL  .      56  
BECK 113  209      89  
BECK 120  .      61  
BECK 129  96      106  
Bess  .      82  
Clark  47      70  
Delta Grow 7200  67      65  
Delta Grow 9700  119      69  
Dyna-Gro 9042  .      93  
Dyna-Gro 9171  .      67  
Dyna-Gro 9223  47      114  
Dyna-Gro 9343  .      73  
Equity Brand Sienna  147      61  
KAS 5058  .      68  
KAS S1200  .      87  
KY03C-1237-05  .      66  
KY03C-1237-12  96      88  
Pembroke 2008  67      58  
Pembroke 2014  106      98  
Pembroke 2016  115      75  
Pioneer variety 25R32  106      99  
Pioneer variety 25R40  67      90  
Pioneer variety 25R78  .      80  
Pioneer variety 26R10  71      67  
Pioneer variety 26R20  143      48  
Pioneer variety 26R41  96   79   70  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.16 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in October. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  .      60  
PROGENY P 117  47      73  
Seed Consultants 1321  71      81  
Seed Consultants 1342  .      72  
Southern States 8340  .      103  
Southern States 8412  87      91  
Southern States 8700  47   79   79  
STEYER HUNKER  105      52  
STEYER PIERSON  .      61  
SYNGENTA SY 483  47   79   56  
Terral TV8525  .      55  
Terral TV8848  .      119  
Terral TV8861  67      107  
Truman  96      73  
USG 3251  143      82  
USG 3438  106      70  
USG 3612  96      82  
USG 3993   .           55   
P-value  0.8047   -   0.3405  
Mean  90   79   76  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.17 Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in October. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  1,278      1,797 A‡ 
AgriMAXX 413  1,243      1,693 ABCDEFGH 
AgriMAXX 415  1,300      1,797 A 
ARMOR HAVOC  1,314      1,773 A 
ARMOR OCTANE  1,339      1,760 ABC 
ARMOR RAMPAGE  1,179      1,679 CDEFGH 
ARMOR VANDAL  1,324      1,722 ABCDEF 
BECK 113  1,266      1,766 AB 
BECK 120  1,204      1,766 AB 
BECK 129  1,291      1,683 BCDEFGH 
Bess  1,199      1,788 A 
Clark  1,260      1,727 ABCDEF 
Delta Grow 7200  1,275      1,670 DEFGH 
Delta Grow 9700  1,282      1,724 ABCDEF 
Dyna-Gro 9042  1,214      1,727 ABCDEF 
Dyna-Gro 9171  1,282      1,781 A 
Dyna-Gro 9223  1,314      1,804 A 
Dyna-Gro 9343  1,266      1,772 A 
Equity Brand Sienna  1,287      1,760 ABC 
KAS 5058  1,307      1,749 ABCDE 
KAS S1200  1,228      1,726 ABCDEF 
KY03C-1237-05  1,275      1,747 ABCDE 
KY03C-1237-12  1,211      1,707 ABCDEFG 
Pembroke 2008  1,164      1,779 A 
Pembroke 2014  1,287      1,363 I 
Pembroke 2016  1,275      1,795 A 
Pioneer variety 25R32  1,114      1,747 ABCDE 
Pioneer variety 25R40  1,243      1,775 A 
Pioneer variety 25R78  1,146      1,766 AB 
Pioneer variety 26R10  1,282      1,738 ABCDE 
Pioneer variety 26R20  1,314      1,781 A 
Pioneer variety 26R41  1,243   1,663   1,795 A‡ 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.17 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 
for three field trials when planted in October. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  1,268      1,753 ABCD‡ 
PROGENY P 117  1,314      1,747 ABCDE 
Seed Consultants 1321  1,307      1,707 ABCDEFG 
Seed Consultants 1342  1,214      1,656 EFGH 
Southern States 8340  1,195      1,657 EFGH 
Southern States 8412  1,300      1,713 ABCDEFG 
Southern States 8700  1,220   1,663   1,735 ABCDEF 
STEYER HUNKER  1,282      1,744 ABCDE 
STEYER PIERSON  1,329      1,728 ABCDEF 
SYNGENTA SY 483  1,231   1,663   1,620 GH 
Terral TV8525  1,329      1,781 A 
Terral TV8848  1,260      1,804 A 
Terral TV8861  1,307      1,613 H 
Truman  1,291      1,701 ABCDEFG 
USG 3251  1,282      1,788 A 
USG 3438  1,195      1,760 ABC 
USG 3612  1,179      1,651 FGH 
USG 3993   1,228           1,781 A 
P-value  0.9554   -   <.0001  
Mean  1259   1663   1732  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.18 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in November. 
    GDD† Date of Planting to Emergence 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  342 CD‡  310   258 DEFGHI 
AgriMAXX 413  406 BCD  247   345 ABC 
AgriMAXX 415  470 ABC  247   243 FGHI 
ARMOR HAVOC  470 ABC  247   251 EFGHI 
ARMOR OCTANE  406 BCD  247   297 BCDE 
ARMOR RAMPAGE  342 CD  247   332 BC 
ARMOR VANDAL  470 ABC  289   324 BC 
BECK 113  342 CD  277   305 BCD 
BECK 120  406 BCD  265   264 CDEFGHI 
BECK 129  406 BCD  247   273 CDEFGHI 
Bess  342 CD  247   284 CDEFGH 
Clark  470 ABC  354   292 BCDEF 
Delta Grow 7200  406 BCD  247   267 CDEFGHI 
Delta Grow 9700  470 ABC  247   278 CDEFGH 
Dyna-Gro 9042  406 BCD  292   241 GHI 
Dyna-Gro 9171  470 ABC  247   258 DEFGHI 
Dyna-Gro 9223  470 ABC  247   258 DEFGHI 
Dyna-Gro 9343  470 ABC  247   240 GHI 
Equity Brand Sienna  470 ABC  247   283 CDEFGH 
KAS 5058  406 BCD  247   271 CDEFGHI 
KAS S1200  470 ABC  247   273 CDEFGHI 
KY03C-1237-05  374 CD  247   258 DEFGHI 
KY03C-1237-12  470 ABC  247   265 CDEFGHI 
Pembroke 2008  470 ABC  247   287 BCDEFG 
Pembroke 2014  470 ABC  247   293 BCDE 
Pembroke 2016  470 ABC  265   273 CDEFGHI 
Pioneer variety 25R32  470 ABC  247   236 HI 
Pioneer variety 25R40  470 ABC  310   247 EFGHI 
Pioneer variety 25R78  342 CD  296   267 CDEFGHI 
Pioneer variety 26R10  470 ABC  282   247 EFGHI 
Pioneer variety 26R20  564 AB  247   247 EFGHI 
Pioneer variety 26R41  470 ABC  247   262 CDEFGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.18 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in November. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  470 ABC‡  277   287 BCDEFG 
PROGENY P 117  342 CD  247   258 DEFGHI 
Seed Consultants 1321  342 CD  296   312 BC 
Seed Consultants 1342  406 BCD  300   413 A 
Southern States 8340  342 CD  247   275 CDEFGH 
Southern States 8412  406 BCD  247   261 CDEFGHI 
Southern States 8700  342 CD  247   271 CDEFGHI 
STEYER HUNKER  470 ABC  310   322 BC 
STEYER PIERSON  470 ABC  334   286 CDEFGH 
SYNGENTA SY 483  406 BCD  340   340 AB 
Terral TV8525  533 AB  277   263 CDEFGHI 
Terral TV8848  406 BCD  292   308 BCD 
Terral TV8861  596 A  265   269 CDEFGHI 
Truman  406 BCD  247   287 BCDEFG 
USG 3251  342 CD  282   293 BCDE 
USG 3438  278 D  247   257 DEFGHI 
USG 3612  470 ABC  292   252 EFGHI 
USG 3993   342 CD   247     226 I 
P-value  0.0120   0.6203   <.0001  
Mean  426   267   278  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.19 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,457   1,134   914 FG‡ 
AgriMAXX 413  1,457   1,245   1,678 A 
AgriMAXX 415  1,622   1,029   894 G 
ARMOR HAVOC  1,457   988   894 G 
ARMOR OCTANE  1,457   1,071   1,098 DEF 
ARMOR RAMPAGE  1,457   1,181   1,330 BC 
ARMOR VANDAL  1,457   1,145   1,298 C 
BECK 113  1,457   1,029   973 FG 
BECK 120  1,481   1,052   955 FG 
BECK 129  1,457   1,050   955 FG 
Bess  1,481   988   914 FG 
Clark  1,457   1,147   993 FG 
Delta Grow 7200  1,457   1,029   1,080 DEF 
Delta Grow 9700  1,567   1,071   914 FG 
Dyna-Gro 9042  1,505   1,147   934 FG 
Dyna-Gro 9171  1,601   988   914 FG 
Dyna-Gro 9223  1,567   1,052   894 G 
Dyna-Gro 9343  1,567   1,105   1,068 EFG 
Equity Brand Sienna  1,513   1,029   894 G 
KAS 5058  1,481   1,064   955 FG 
KAS S1200  1,457   1,140   914 FG 
KY03C-1237-05  1,457   1,094   914 FG 
KY03C-1237-12  1,513   1,094   894 G 
Pembroke 2008  1,457   1,094   894 G 
Pembroke 2014  1,457   1,135   934 FG 
Pembroke 2016  1,457   1,112   934 FG 
Pioneer variety 25R32  1,457   1,112   934 FG 
Pioneer variety 25R40  1,457   1,064   934 FG 
Pioneer variety 25R78  1,481   1,094   993 FG 
Pioneer variety 26R10  1,457   1,094   1,041 EFG 
Pioneer variety 26R20  1,481   1,135   894 G 
Pioneer variety 26R41  1,457   1,071   934 FG 
Pioneer variety 26R53  1,457   1,199   1,080 DEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
99 
 
Table 3.19 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 3 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,457   1,112   955 FG 
Seed Consultants 1321  1,457   1,052   1,068 EFG 
Seed Consultants 1342  1,457   1,140   1,523 AB 
Southern States 8340  1,481   1,050   955 FG 
Southern States 8412  1,481   1,052   914 FG‡ 
Southern States 8700  1,457   1,158   934 FG 
STEYER HUNKER  1,677   1,117   955 FG 
STEYER PIERSON  1,481   1,145   1,289 CD 
SYNGENTA SY 483  1,567   1,050   1,238 CDE 
Terral TV8525  1,457   1,094   1,080 DEF 
Terral TV8848  1,457   1,164   934 FG 
Terral TV8861  1,721   1,182   993 FG 
Truman  1,513   1,193   934 FG 
USG 3251  1,457   1,117   934 FG 
USG 3438  1,601   1,094   894 G 
USG 3612  1,457   1,181   1,041 EFG 
USG 3993   1,457     1,029     934 FG 
P-value  0.2729   0.3548   <.0001  
Mean  1462   1098   1008  
          
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.20 Cumulative growing degree days (GDD) from the date of planting to Feekes 5 
for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 5 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,177 AB‡  1,713 ABCDE  1,594 I 
AgriMAXX 413  2,130 ABCD  1,851 A  2,030 A 
AgriMAXX 415  2,245 AB  1,700 ABCDE  1,637 GHI 
ARMOR HAVOC  1,852 D  1,519 E  1,657 EFGHI 
ARMOR OCTANE  2,199 AB  1,700 ABCDE  1,640 FGHI 
ARMOR RAMPAGE  2,245 A  1,804 ABC  1,766 BCD 
ARMOR VANDAL  2,211 AB  1,754 ABCD  1,773 BCD 
BECK 113  1,967 BCD  1,700 ABCDE  1,693 DEFGH 
BECK 120  2,211 AB  1,639 ABCDE  1,709 CDEFG 
BECK 129  1,984 BCD  1,694 ABCDE  1,709 CDEFG 
Bess  1,843 D  1,519 E  1,678 DEFGHI 
Clark  2,177 ABC  1,791 ABCD  1,678 DEFGHI 
Delta Grow 7200  2,130 ABC  1,519 E  1,693 DEFGH 
Delta Grow 9700  .   1,549 DE  1,657 EFGHI 
Dyna-Gro 9042  2,164 ABC  1,733 ABCDE  1,678 DEFGHI 
Dyna-Gro 9171  2,083 ABCD  1,519 DE  1,678 DEFGHI 
Dyna-Gro 9223  2,068 ABCD  1,519 E  1,657 EFGHI 
Dyna-Gro 9343  2,177 ABC  1,713 ABCDE  1,678 DEFGHI 
Equity Brand Sienna  2,211 AB  1,623 BCDE  1,657 EFGHI 
KAS 5058  1,886 CD  1,713 ABCDE  1,693 DEFGH 
KAS S1200  2,130 ABCD  1,837 AB  1,735 CDEF 
KY03C-1237-05  2,245 AB  1,673 ABCDE  1,693 DEFGH 
KY03C-1237-12  2,177 ABC  1,549 DE  1,693 DEFGH 
Pembroke 2008  2,191 AB  1,639 ABCDE  1,678 DEFGHI 
Pembroke 2014  2,093 ABCD  1,804 ABC  1,746 BCDE 
Pembroke 2016  2,211 AB  1,549 DE  1,693 DEFGH 
Pioneer variety 25R32  2,164 AB  1,549 DE  1,678 DEFGHI 
Pioneer variety 25R40  1,852 CD  1,694 ABCDE  1,657 EFGHI 
Pioneer variety 25R78  2,014 BCD  1,609 BCDE  1,693 DEFGH 
Pioneer variety 26R10  2,115 ABC  1,727 ABCDE  1,693 DEFGH 
Pioneer variety 26R20  2,245 AB  1,549 DE  1,657 EFGHI 
Pioneer variety 26R41  .   1,579 CDE  1,693 DEFGH 
Pioneer variety 26R53  2,164 ABC  1,798 ABC  1,709 CDEFG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.20 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 5 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 5 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,852 D‡  1,791 ABCD  1,683 DEFGHI 
Seed Consultants 1321  2,130 ABC  1,609 BCDE  1,693 DEFGH 
Seed Consultants 1342  .   1,754 ABCD  1,849 B 
Southern States 8340  2,033 ABCD  1,747 ABCD  1,746 BCDE 
Southern States 8412  2,177 ABC  1,609 BCDE  1,637 GHI 
Southern States 8700  1,890 CD  1,768 ABCD  1,715 CDEFG 
STEYER HUNKER  2,211 AB  1,549 DE  1,715 CDEFG 
STEYER PIERSON  2,177 ABC  1,768 ABCD  1,795 BC 
SYNGENTA SY 483  .   1,519 DE  1,709 CDEFG 
Terral TV8525  2,245 AB  1,639 ABCDE  1,693 DEFGH 
Terral TV8848  2,177 AB  1,727 ABCDE  1,709 CDEFG 
Terral TV8861  2,245 AB  1,730 ABCDE  1,725 CDEFG 
Truman  2,177 ABC  1,804 ABC  1,657 EFGHI 
USG 3251  2,068 ABCD  1,700 ABCDE  1,678 DEFGHI 
USG 3438  2,177 AB  1,754 ABCD  1,615 HI 
USG 3612  2,245 A  1,841 AB  1,709 CDEFG 
USG 3993   2,211 AB   1,519 E   1,678 DEFGHI 
P-value  0.0047   0.0313   0.0005  
Mean  2121   1673   1700  
          
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.21 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 6 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,245   1,910 ABCDE‡  1,746 GH 
AgriMAXX 413  2,222   1,991 A  2,367 A 
AgriMAXX 415  2,392   1,831 EF  1,766 FGH 
ARMOR HAVOC  2,130   1,817 EF  1,746 GH 
ARMOR OCTANE  2,294   1,831 EF  1,871 CDEF 
ARMOR RAMPAGE  2,248   1,972 AB  1,871 CDEF 
ARMOR VANDAL  2,211   1,930 ABCD  1,972 BC 
BECK 113  2,222   1,837 DEF  1,807 EFGH 
BECK 120  2,211   1,857 CDEF  1,871 CDEF 
BECK 129  2,222   1,890 BCDE  1,871 CDEF 
Bess  2,186   1,791 F  1,746 GH 
Clark  2,294   1,831 DEF  1,829 DEFGH 
Delta Grow 7200  2,222   1,831 EF  1,875 CDEF 
Delta Grow 9700  2,245   1,831 EF  1,725 H 
Dyna-Gro 9042  2,164   1,951 ABC  1,894 CDE 
Dyna-Gro 9171  2,255   1,831 DEF  1,829 DEFGH 
Dyna-Gro 9223  2,245   1,872 CDEF  1,725 H 
Dyna-Gro 9343  2,245   1,910 ABCDE  1,811 EFGH 
Equity Brand Sienna  2,245   1,877 BCDEF  1,746 GH 
KAS 5058  2,115   1,851 DEF  1,788 EFGH 
KAS S1200  2,130   1,931 ABCD  1,832 DEFGH 
KY03C-1237-05  2,294   1,910 ABCDE  1,871 CDEF 
KY03C-1237-12  2,319   1,817 EF  1,829 DEFGH 
Pembroke 2008  2,392   1,851 DEF  1,766 FGH 
Pembroke 2014  2,199   1,912 ABCDE  1,894 CDE 
Pembroke 2016  2,245   1,837 DEF  1,768 FGH 
Pioneer variety 25R32  .   1,831 EF  1,871 CDEF 
Pioneer variety 25R40  2,245   1,890 BCDE  1,852 CDEFG 
Pioneer variety 25R78  2,085   1,831 EF  1,871 CDEF 
Pioneer variety 26R10  2,164   1,892 BCDE  1,852 CDEFG 
Pioneer variety 26R20  2,392   1,817 EF  1,746 GH 
Pioneer variety 26R41  2,211   1,831 EF  1,849 CDEFG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.21 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 6 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  2,245   1,972 AB‡  1,852 CDEFG 
PROGENY P 117  2,112   1,871 CDEF  1,789 EFGH 
Seed Consultants 1321  2,222   1,837 DEF  1,807 EFGH 
Seed Consultants 1342  2,222   1,940 ABCD  2,096 B 
Southern States 8340  2,191   1,892 BCDE  1,894 CDE 
Southern States 8412  2,294   1,837 DEF  1,725 H 
Southern States 8700  2,138   1,910 ABCDE  1,875 CDEF 
STEYER HUNKER  2,319   1,872 CDEF  1,894 CDE 
STEYER PIERSON  2,319   1,931 ABCD  1,949 CD 
SYNGENTA SY 483  2,245   1,872 BCDEF  1,807 EFGH 
Terral TV8525  2,245   1,871 CDEF  1,894 CDE 
Terral TV8848  2,245   1,912 ABCDE  1,849 CDEFG 
Terral TV8861  2,392   1,871 CDEF  1,894 CDE 
Truman  2,294   1,912 ABCDE  1,766 FGH 
USG 3251  2,245   1,837 DEF  1,788 EFGH 
USG 3438  2,245   1,831 DEF  1,725 H 
USG 3612  2,245   1,950 ABCD  1,871 CDEF 
USG 3993   2,294     1,837 DEF   1,871 CDEF 
P-value  0.1259   0.0053   <.0001  
Mean  2241   1875   1844  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.22 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,442 EF‡  2,299 DEFG  2,079 J 
AgriMAXX 413  2,468 EF  2,526 B  2,596 AB 
AgriMAXX 415  2,582 BCDE  2,383 BCDEF  2,104 HIJ 
ARMOR HAVOC  2,392 F  2,276 EFG  2,127 FGHIJ 
ARMOR OCTANE  2,629 BC  2,348 CDEFG  2,267 CDEF 
ARMOR RAMPAGE  2,430 EF  2,360 CDEFG  2,176 EFGHIJ 
ARMOR VANDAL  2,512 CDEF  2,419 BCD  2,421 BC 
BECK 113  2,471 CDEF  2,263 FG  2,141 FGHIJ 
BECK 120  2,497 CDEF  2,312 DEFG  2,224 EFGHIJ 
BECK 129  2,392 F  2,431 BCD  2,230 EFGHI 
Bess  2,497 CDEF  2,228 G  2,141 FGHIJ 
Clark  2,487 CDEF  2,348 CDEFG  2,187 EFGHIJ 
Delta Grow 7200  2,501 CDEF  2,228 G  2,186 EFGHIJ 
Delta Grow 9700  2,582 BCDE  2,348 CDEFG  2,114 GHIJ 
Dyna-Gro 9042  2,468 CDEF  2,386 BCDEF  2,274 CDEF 
Dyna-Gro 9171  2,512 CDEF  2,348 CDEFG  2,138 FGHIJ 
Dyna-Gro 9223  2,512 CDEF  2,312 DEFG  2,103 HIJ 
Dyna-Gro 9343  2,548 BCDE  2,348 CDEFG  2,155 FGHIJ 
Equity Brand Sienna  2,630 BC  2,276 EFG  2,141 FGHIJ 
KAS 5058  2,465 DEF  2,325 DEFG  2,195 EFGHIJ 
KAS S1200  2,430 EF  2,384 BCDEF  2,186 EFGHIJ 
KY03C-1237-05  2,675 B  2,383 BCDEF  2,241 EFGH 
KY03C-1237-12  2,643 BC  2,276 EFG  2,195 EFGHIJ 
Pembroke 2008  2,544 BCDEF  2,335 DEFG  2,186 EFGHIJ 
Pembroke 2014  2,392 F  2,755 A  2,618 A 
Pembroke 2016  2,463 CDEF  2,250 FG  2,104 HIJ 
Pioneer variety 25R32  2,659 BC  2,348 CDEFG  2,186 EFGHIJ 
Pioneer variety 25R40  2,512 CDEF  2,263 FG  2,131 FGHIJ 
Pioneer variety 25R78  2,471 CDEF  2,348 CDEFG  2,241 EFGH 
Pioneer variety 26R10  2,442 EF  2,407 BCDE  2,263 CDEFG 
Pioneer variety 26R20  2,582 BCDE  2,383 BCDEF  2,176 EFGHIJ 
Pioneer variety 26R41  2,463 DEF  2,276 EFG  2,186 EFGHIJ 
Pioneer variety 26R53  2,497 CDEF  2,479 BC  2,314 CDE 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.22 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 9 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
PROGENY P 117  2,392 F‡  2,360 CDEFG  2,215 EFGHIJ 
Seed Consultants 1321  2,442 EF  2,361 CDEFG  2,175 EFGHIJ 
Seed Consultants 1342  2,490 CDEF  2,431 BCD  2,408 BCD 
Southern States 8340  2,465 DEF  2,396 BCDEF  2,314 CDE 
Southern States 8412  2,614 BCD  2,420 BCD  2,149 FGHIJ 
Southern States 8700  2,463 CDEF  2,408 BCDE  2,215 EFGHIJ 
STEYER HUNKER  2,534 BCDEF  2,325 DEFG  2,240 EFGHI 
STEYER PIERSON  2,630 BC  2,401 BCDEF  2,417 BCD 
SYNGENTA SY 483  2,677 BC  2,313 DEFG  2,260 CDEFG 
Terral TV8525  2,534 BCDEF  2,263 FG  2,151 FGHIJ 
Terral TV8848  2,439 EF  2,348 CDEFG  2,155 FGHIJ 
Terral TV8861  2,675 B  2,502 BC  2,396 BCD 
Truman  2,880 A  2,396 BCDEF  2,131 FGHIJ 
USG 3251  2,487 CDEF  2,335 DEFG  2,141 FGHIJ 
USG 3438  2,439 EF  2,367 BCDEFG  2,093 IJ 
USG 3612  2,465 DEF  2,401 BCDEF  2,261 CDEFG 
USG 3993   2,646 BC   2,299 DEFG   2,165 EFGHIJ 
P-value  <.0001   <.0001   <.0001  
Mean  2521   2359   2,218  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.23 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   2,778 CDEFGHI‡ 2,498 M 
AgriMAXX 413  .   2,981 B  3,053 A 
AgriMAXX 415  .   2,757 CDEFGHI 2,507 LM 
ARMOR HAVOC  .   2,639 HI  2,568 FGHIJKLM 
ARMOR OCTANE  .   2,815 BCDEFGH 2,715 BCDEF 
ARMOR RAMPAGE  .   2,857 BCDEF  2,600 EFGHIJKLM 
ARMOR VANDAL  .   2,880 BCDE  2,789 BC 
BECK 113  2,897 E  2,676 FGHI  2,546 HIJKLM 
BECK 120  2,823 ECD  2,778 CDEFGHI 2,658 CDEFGHIJKL 
BECK 129  .   2,828 BCDEFG  2,671 BCDEFGHIJK 
Bess  3,131 A  2,601 I  2,568 FGHIJKLM 
Clark  .   2,743 CDEFGHI 2,653 CDEFGHIJKL 
Delta Grow 7200  .   2,658 GHI  2,633 CDEFGHIJKLM 
Delta Grow 9700  2,897 E  2,731 CDEFGHI 2,562 FGHIJKLM 
Dyna-Gro 9042  .   2,823 BCDEFGH 2,646 CDEFGHIJKLM 
Dyna-Gro 9171  .   2,771 CDEFGHI 2,553 GHIJKLM 
Dyna-Gro 9223  2,897 CD  2,718 DEFGHI  2,523 KM 
Dyna-Gro 9343  .   2,820 BCDEFGH 2,568 FGHIJKLM 
Equity Brand Sienna  2,962 BC  2,684 EFGHI  2,609 EFGHIJKLM 
KAS 5058  .   2,838 BCDEFG  2,552 GHIJKLM 
KAS S1200  .   2,839 BCDEFG  2,621 DEFGHIJKLM 
KY03C-1237-05  .   2,820 BCDEFGH 2,653 CDEFGHIJKL 
KY03C-1237-12  .   2,750 CDEFGHI 2,633 CDEFGHIJKLM 
Pembroke 2008  .   2,799 BCDEFGHI 2,658 CDEFGHIJKL 
Pembroke 2014  2,897 BCD  3,217 A  3,091 A 
Pembroke 2016  2,823 ECD  2,699 EFGHI  2,603 EFGHIJKLM 
Pioneer variety 25R32  .   2,731 CDEFGHI 2,658 CDEFGHIJKL 
Pioneer variety 25R40  .   2,757 CDEFGHI 2,542 IJKLM 
Pioneer variety 25R78  .   2,773 CDEFGHI 2,602 EFGHIJKLM 
Pioneer variety 26R10  .   2,857 BCDEF  2,702 BCDEFG 
Pioneer variety 26R20  3,131 A  2,776 CDEFGHI 2,589 FGHIJKLM 
Pioneer variety 26R41  .   2,676 FGHI  2,603 EFGHIJKLM 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.23 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  3,131 BC‡  2,912 BC  2,683 BCDEFGHI 
PROGENY P 117  2,717 F  2,791 BCDEFGHI 2,603 EFGHIJKLM 
Seed Consultants 1321  .   2,739 CDEFGHI 2,627 DEFGHIJKLM 
Seed Consultants 1342  .   2,909 BC  2,825 B 
Southern States 8340  .   2,797 BCDEFGHI 2,682 BCDEFGHIJ 
Southern States 8412  .   2,838 BCDEFG  2,665 BCDEFGHIJK 
Southern States 8700  2,975 BC  2,799 BCDEFGHI 2,699 BCDEFGH 
STEYER HUNKER  .   2,731 CDEFGHI 2,637 CDEFGHIJKLM 
STEYER PIERSON  .   2,854 BCDEFG  2,761 BCDE 
SYNGENTA SY 483  .   2,779 BCDEFGHI 2,627 CDEFGHIJKLM 
Terral TV8525  2,897 BCD  2,815 BCDEFGH 2,590 FGHIJKLM 
Terral TV8848  2,869 ED  2,989 B  2,501 M 
Terral TV8861  3,030 AB  2,899 BCD  2,772 BCD 
Truman  3,131 BC  2,893 BCDE  2,620 DEFGHIJKLM 
USG 3251  2,897 BCD  2,736 CDEFGHI 2,602 EFGHIJKLM 
USG 3438  .   2,877 BCDE  2,596 FGHIJKLM 
USG 3612  .   2,806 BCDEFGHI 2,622 DEFGHIJKLM 
USG 3993   .     2,731 CDEFGHI 2,530 JKLM 
P-value  0.0168   0.0006   <.0001  
Mean  2947   2799   2641  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.24 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  2,823 J‡  2,997 B  2,574 L 
AgriMAXX 413  2,919 FGHIJ  3,098 B  3,167 A 
AgriMAXX 415  3,080 CDEFGHI .   2,601 JKL 
ARMOR HAVOC  2,823 IJ  .   2,646 FGHIJKL 
ARMOR OCTANE  2,985 DEFGHIJ  2,997 B  2,773 BCDEF 
ARMOR RAMPAGE  2,940 FGHIJ  3,039 B  2,664 EFGHIJKL 
ARMOR VANDAL  2,962 EFGHIJ  2,997 B  2,908 B 
BECK 113  2,894 GHIJ  .   2,614 HIJKL 
BECK 120  2,940 FGHIJ  .   2,692 EFGHIJKL 
BECK 129  2,916 FGHIJ  .   2,769 BCDEFG 
Bess  3,028 DEFGHI  .   2,640 FGHIJKL 
Clark  2,872 HIJ  .   2,726 CDEFGHIJKL 
Delta Grow 7200  2,962 EFGHIJ  2,997 B  2,682 EFGHIJKL 
Delta Grow 9700  2,996 DEFGHIJ  .   2,640 FGHIJKL 
Dyna-Gro 9042  2,985 DEFGHIJ  3,039 B  2,729 CDEFGHIJK 
Dyna-Gro 9171  2,919 FGHIJ  .   2,615 GHIJKL 
Dyna-Gro 9223  2,962 EFGHIJ  .   2,614 HIJKL 
Dyna-Gro 9343  3,130 CDEF  .   2,615 GHIJKL 
Equity Brand Sienna  3,000 DEFGHIJ  2,997 B  2,659 FGHIJKL 
KAS 5058  2,916 FGHIJ  .   2,609 IJKL 
KAS S1200  2,860 HIJ  2,997 B  2,681 EFGHIJKL 
KY03C-1237-05  3,176 BCD  .   2,716 DEFGHIJKL 
KY03C-1237-12  3,023 DEFGHIJ  2,997 B  2,692 EFGHIJKL 
Pembroke 2008  3,023 DEFGHIJ  .   2,729 CDEFGHIJK 
Pembroke 2014  2,977 DEFGHIJ  3,331 A  3,166 A 
Pembroke 2016  2,940 FGHIJ  .   2,659 FGHIJKL 
Pioneer variety 25R32  3,046 DEFGHI  .   2,716 DEFGHIJKL 
Pioneer variety 25R40  2,963 EFGHIJ  2,997 B  2,621 FGHIJKL 
Pioneer variety 25R78  2,823 J  2,997 B  2,658 FGHIJKL 
Pioneer variety 26R10  2,963 EFGHIJ  2,997 B  2,765 BCDEFGH 
Pioneer variety 26R20  3,470 A  2,997 B  2,628 FGHIJKL 
Pioneer variety 26R41  2,893 FGHIJ  .   2,659 FGHIJKL 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.24 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  3,053 DEFGHI‡  2,997 B  2,772 BCDEF 
PROGENY P 117  2,823 J  2,997 B  2,659 FGHIJKL 
Seed Consultants 1321  2,894 GHIJ  2,997 B  2,683 EFGHIJKL 
Seed Consultants 1342  3,007 DEFGHIJ  3,089 B  2,886 BC 
Southern States 8340  2,940 FGHIJ  2,997 B  2,754 BCDEFGHI 
Southern States 8412  3,007 DEFGHIJ  2,997 B  2,752 BCDEFGHIJ 
Southern States 8700  3,050 DEFGHI  3,039 B  2,767 BCDEFGH 
STEYER HUNKER  2,985 DEFGHIJ  2,997 B  2,702 EFGHIJKL 
STEYER PIERSON  3,283 ABC  .   2,822 BCDE 
SYNGENTA SY 483  3,080 CDEFGH  .   2,683 EFGHIJKL 
Terral TV8525  3,158 BCDE  .   2,635 FGHIJKL 
Terral TV8848  2,941 FGHIJ  3,392 A  2,577 KL 
Terral TV8861  3,268 ABC  2,997 B  2,866 BCD 
Truman  3,367 AB  2,997 B  2,708 EFGHIJKL 
USG 3251  3,007 DEFGHIJ  2,997 B  2,646 FGHIJKL 
USG 3438  2,894 GHIJ  3,301 A  2,658 FGHIJKL 
USG 3612  2,919 FGHIJ  .   2,695 EFGHIJKL 
USG 3993   3,097 CDEFG   2,997 B   2,609 IJKL 
P-value  <.0001   0.0067   <.0001  
Mean  3000   3044   2710  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.25 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,813   4,371   4,328  
AgriMAXX 413  4,813   4,371   4,328  
AgriMAXX 415  4,813   4,371   4,328  
ARMOR HAVOC  4,813   4,371   4,328  
ARMOR OCTANE  4,813   4,371   4,328  
ARMOR RAMPAGE  4,813   4,371   4,328  
ARMOR VANDAL  4,813   4,371   4,328  
BECK 113  4,813   4,371   4,328  
BECK 120  4,813   4,371   4,328  
BECK 129  4,813   4,371   4,328  
Bess  4,813   4,371   4,328  
Clark  4,813   4,371   4,328  
Delta Grow 7200  4,813   4,371   4,328  
Delta Grow 9700  4,813   4,371   4,328  
Dyna-Gro 9042  4,813   4,371   4,328  
Dyna-Gro 9171  4,813   4,371   4,328  
Dyna-Gro 9223  4,813   4,371   4,328  
Dyna-Gro 9343  4,813   4,371   4,328  
Equity Brand Sienna  4,813   4,371   4,328  
KAS 5058  4,813   4,371   4,328  
KAS S1200  4,813   4,371   4,328  
KY03C-1237-05  4,813   4,371   4,328  
KY03C-1237-12  4,813   4,371   4,328  
Pembroke 2008  4,813   4,371   4,328  
Pembroke 2014  4,813   4,371   4,328  
Pembroke 2016  4,813   4,371   4,328  
Pioneer variety 25R32  4,813   4,371   4,328  
Pioneer variety 25R40  4,813   4,371   4,328  
Pioneer variety 25R78  4,813   4,371   4,328  
Pioneer variety 26R10  4,813   4,371   4,328  
Pioneer variety 26R20  4,813   4,371   4,328  
Pioneer variety 26R41  4,813   4,371   4,328  
Pioneer variety 26R53  4,813   4,371   4,328  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.25 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in November. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  4,813   4,371   4,328  
Seed Consultants 1321  4,813   4,371   4,328  
Seed Consultants 1342  4,813   4,371   4,328  
Southern States 8340  4,813   4,371   4,328  
Southern States 8412  4,813   4,371   4,328  
Southern States 8700  4,813   4,371   4,328  
STEYER HUNKER  4,813   4,371   4,328  
STEYER PIERSON  4,813   4,371   4,328  
SYNGENTA SY 483  4,813   4,371   4,328  
Terral TV8525  4,813   4,371   4,328  
Terral TV8848  4,813   4,371   4,328  
Terral TV8861  4,813   4,371   4,328  
Truman  4,813   4,371   4,328  
USG 3251  4,813   4,371   4,328  
USG 3438  4,813   4,371   4,328  
USG 3612  4,813   4,371   4,328  
USG 3993   4,813     4,371     4,328   
P-value  -   1.0000     
Mean  4813   4371   4328  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.26 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in November. 
    GDD† Emergence to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,115   824   656 GHIJK‡ 
AgriMAXX 413  1,051   970   1,333 A 
AgriMAXX 415  1,152   782   652 GHIJK 
ARMOR HAVOC  987   741   643 HIJK 
ARMOR OCTANE  1,051   824   801 EFGHIJ 
ARMOR RAMPAGE  1,115   934   999 BC 
ARMOR VANDAL  987   898   974 BCDE 
BECK 113  1,115   752   668 GHIJK 
BECK 120  1,075   787   691 GHIJK 
BECK 129  1,051   803   682 GHIJK 
Bess  1,139   741   631 JK 
Clark  987   900   701 GHIJK 
Delta Grow 7200  1,051   782   813 CDEFGHI 
Delta Grow 9700  1,152   824   636 JK 
Dyna-Gro 9042  1,100   854   693 GHIJK 
Dyna-Gro 9171  1,204   741   656 GHIJK 
Dyna-Gro 9223  1,097   805   636 JK 
Dyna-Gro 9343  1,097   803   827 CDEFG 
Equity Brand Sienna  1,043   782   611 K 
KAS 5058  1,075   817   684 GHIJK 
KAS S1200  987   893   641 IJK 
KY03C-1237-05  1,083   847   656 GHIJK 
KY03C-1237-12  1,043   847   630 JK 
Pembroke 2008  987   847   607 K 
Pembroke 2014  987   888   642 IJK 
Pembroke 2016  987   847   661 GHIJK 
Pioneer variety 25R32  987   865   698 GHIJK 
Pioneer variety 25R40  987   754   687 GHIJK 
Pioneer variety 25R78  1,139   798   726 FGHIJK 
Pioneer variety 26R10  987   812   794 DEFGHIJ 
Pioneer variety 26R20  929   888   647 HIJK 
Pioneer variety 26R41  987   824   672 GHIJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.26 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in November. 
    GDD† Emergence to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  987   922   793 DEFGHIJ‡ 
PROGENY P 117  1,115   865   697 GHIJK 
Seed Consultants 1321  1,115   757   756 FGHIJK 
Seed Consultants 1342  1,051   840   1,109 AB 
Southern States 8340  1,139   803   680 GHIJK 
Southern States 8412  1,075   805   654 GHIJK 
Southern States 8700  1,115   911   663 GHIJK 
STEYER HUNKER  1,207   807   632 JK 
STEYER PIERSON  1,011   853   1,002 BCD 
SYNGENTA SY 483  1,161   758   898 CDEF 
Terral TV8525  924   816   817 CDEFGH 
Terral TV8848  1,051   872   627 JK 
Terral TV8861  1,125   916   724 FGHIJK 
Truman  1,107   946   647 HIJK 
USG 3251  1,115   835   642 IJK 
USG 3438  1,323   847   638 IJK 
USG 3612  987   889   790 EFGHIJ 
USG 3993   1,115     782     709 FGHIJK 
P-value  0.3059   0.1866   <.0001  
Mean  1069   834   730  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.27 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in November. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  720 B‡  579   680 ABC 
AgriMAXX 413  673 BC  605   353 EF 
AgriMAXX 415  2,245 A  671   743 A 
ARMOR HAVOC  395 BCD  531   763 A 
ARMOR OCTANE  743 B  630   542 CDEF 
ARMOR RAMPAGE  789 B  1,411   436 EF 
ARMOR VANDAL  754 B  991   475 DEF 
BECK 113  511 BCD  671   721 A 
BECK 120  718 B  587   754 A 
BECK 129  528 BCD  994   754 A 
Bess  362 D  531   763 A 
Clark  720 B  645   685 AB 
Delta Grow 7200  673 BC  490   614 ABCDE 
Delta Grow 9700  .   478   743 A 
Dyna-Gro 9042  671 BC  969   743 A 
Dyna-Gro 9171  626 BCD  531   763 A 
Dyna-Gro 9223  502 BCD  467   763 A 
Dyna-Gro 9343  720 B  608   610 ABCDE 
Equity Brand Sienna  670 BC  594   763 A 
KAS 5058  393 CD  650   739 A 
KAS S1200  673 BC  697   820 A 
KY03C-1237-05  789 B  579   779 A 
KY03C-1237-12  720 B  455   799 A 
Pembroke 2008  734 B  546   784 A 
Pembroke 2014  636 BCD  669   812 A 
Pembroke 2016  754 B  437   759 A 
Pioneer variety 25R32  707 BC  437   743 A 
Pioneer variety 25R40  395 BCD  630   723 A 
Pioneer variety 25R78  521 BCD  516   700 A 
Pioneer variety 26R10  658 BC  633   652 ABCD 
Pioneer variety 26R20  716 BC  414   763 A 
Pioneer variety 26R41  .   508   759 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.27 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in November. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  707 BC‡  599   629 ABCD 
PROGENY P 117  395 BCD  679   729 A 
Seed Consultants 1321  673 BC  557   626 ABCD 
Seed Consultants 1342  .   614   326 F 
Southern States 8340  540 BCD  1,047   792 A 
Southern States 8412  647 BCD  557   723 A 
Southern States 8700  434 BCD  610   781 A 
STEYER HUNKER  589 BCD  432   761 A 
STEYER PIERSON  720 B  1,004   507 BCDE 
SYNGENTA SY 483  .   469   471 DEF 
Terral TV8525  789 B  546   614 ABCDE 
Terral TV8848  720 B  950   775 A 
Terral TV8861  789 B  549   732 A 
Truman  720 B  611   723 A 
USG 3251  612 BCD  584   743 A 
USG 3438  576 BCD  661   721 A 
USG 3612  789 B  660   668 ABC 
USG 3993   754 B   490     743 A 
P-value  0.0008   0.2942   <.0001  
Mean  678   635   691  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.28 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in November. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  69   197   152 BCDEFGHIJ‡ 
AgriMAXX 413  116   140   337 A 
AgriMAXX 415  .   130   129 DEFGHIJK 
ARMOR HAVOC  231   299   89 HIJK 
ARMOR OCTANE  95   130   232 ABC 
ARMOR RAMPAGE  147   168   106 FGHIJK 
ARMOR VANDAL  69   176   199 ABCDEF 
BECK 113  244   137   114 EFGHIJK 
BECK 120  69   218   163 BCDEFGHI 
BECK 129  238   197   163 BCDEFGHI 
Bess  343   273   69 K 
Clark  69   40   152 BCDEFGHIJ 
Delta Grow 7200  81   312   182 BCDEFG 
Delta Grow 9700  .   282   67 K 
Dyna-Gro 9042  163   218   217 ABCD 
Dyna-Gro 9171  193   312   152 BCDEFGHIJ 
Dyna-Gro 9223  177   353   67 K 
Dyna-Gro 9343  69   197   133 DEFGHIJK 
Equity Brand Sienna  69   255   89 HIJK 
KAS 5058  199   137   95 GHIJK 
KAS S1200  94   94   98 GHIJK 
KY03C-1237-05  147   238   178 BCDEFG 
KY03C-1237-12  69   269   136 CDEFGHIJK 
Pembroke 2008  310   211   88 IJK 
Pembroke 2014  107   107   148 BCDEFGHIJ 
Pembroke 2016  69   289   75 JK 
Pioneer variety 25R32  .   282   194 ABCDEF 
Pioneer variety 25R40  394   197   195 ABCDEF 
Pioneer variety 25R78  71   221   178 BCDEFG 
Pioneer variety 26R10  99   165   159 BCDEFGHI 
Pioneer variety 26R20  .   269   89 HIJK 
Pioneer variety 26R41  .   252   155 BCDEFGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.28 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in November. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  163   175   143 CDEFGHIJK‡ 
PROGENY P 117  261   80   106 HIJK 
Seed Consultants 1321  116   228   114 EFGHIJK 
Seed Consultants 1342  .   186   247 AB 
Southern States 8340  131   145   148 BCDEFGHIJ 
Southern States 8412  69   228   88 HIJK 
Southern States 8700  34   143   160 BCDEFGHI 
STEYER HUNKER  108   323   179 BCDEFG 
STEYER PIERSON  69   164   154 BCDEFGHIJ 
SYNGENTA SY 483  .   354   98 GHIJK 
Terral TV8525  .   231   201 ABCDE 
Terral TV8848  69   185   140 BCDEFGHIJK 
Terral TV8861  .   140   170 BCDEFGH 
Truman  69   107   109 FGHIJK 
USG 3251  177   137   110 FGHIJK 
USG 3438  69   176   110 FGHIJK 
USG 3612  .   109   163 BCDEFGHI 
USG 3993   108     319     194 ABCDEF 
P-value  0.3047   0.0945   0.0005  
Mean  136   204   145  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.29 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in November. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  197 CD‡  389 LM  332 FGHIJKLM 
AgriMAXX 413  257 CBD  535 BCDEFG  229 N 
AgriMAXX 415  238 CBD  553 BCDE  338 FGHIJKLM 
ARMOR HAVOC  263 CBD  459 DEFGHIJKLM 381 CDEFGHIJK 
ARMOR OCTANE  335 B  517 BCDEFGH 396 BCDEFGHIJK 
ARMOR RAMPAGE  146 D  388 LM  305 JKLMN 
ARMOR VANDAL  290 CBD  489 CDEFGHIJK 449 BCDE 
BECK 113  249 CBD  426 HIJKLM  334 FGHIJKLM 
BECK 120  219 CBD  454 DEFGHIJKLM 353 DEFGHIJKLM 
BECK 129  181 D  541 BCDEF  359 CDEFGHIJKL 
Bess  311 CB  437 GHIJKLM 394 BCDEFGHIJK 
Clark  193 CD  517 BCDEFGHI 358 CDEFGHIJKL 
Delta Grow 7200  256 CBD  397 KLM  311 IJKLMN 
Delta Grow 9700  289 CBD  517 BCDEFGH 389 BCDEFGHIJK 
Dyna-Gro 9042  385 AB  435 GHIJKLM 380 CDEFGHIJK 
Dyna-Gro 9171  257 CBD  517 BCDEFGHI 309 IJKLMN 
Dyna-Gro 9223  267 CBD  440 FGHIJKLM 379 CDEFGHIJK 
Dyna-Gro 9343  310 CBD  437 GHIJKLM 344 EFGHIJKLM 
Equity Brand Sienna  385 AB  399 JKLM  394 BCDEFGHIJK 
KAS 5058  349 B  474 DEFGHIJKL 407 BCDEFGHIJ 
KAS S1200  216 CBD  452 DEFGHIJKLM 354 DEFGHIJKLM 
KY03C-1237-05  381 AB  473 DEFGHIJKL 370 CDEFGHIJKL 
KY03C-1237-12  307 CBD  459 DEFGHIJKLM 366 CDEFGHIJKL 
Pembroke 2008  238 CBD  484 CDEFGHIJKL 420 BCDEFG 
Pembroke 2014  193 CD  843 A  724 A 
Pembroke 2016  218 CBD  413 IJKLM  336 FGHIJKLM 
Pioneer variety 25R32  .   517 BCDEFGH 315 GHIJKLMN 
Pioneer variety 25R40  267 CBD  373 M  279 LMN 
Pioneer variety 25R78  427 AB  517 BCDEFGHI 370 CDEFGHIJKL 
Pioneer variety 26R10  266 CBD  516 BCDEFGHI 411 BCDEFGHI 
Pioneer variety 26R20  238 CBD  566 BCD  430 BCDEF 
Pioneer variety 26R41  252 CBD  446 EFGHIJKLM  337 FGHIJKLM 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.29 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three 
field trials when planted in November. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  147 D‡  507 CDEFGHIJ 462 BCD 
PROGENY P 117  280 CBD  490 CDEFGHIJK 426 BCDEF 
Seed Consultants 1321  220 CBD  523 BCDEFGH 367 CDEFGHIJKL 
Seed Consultants 1342  268 CBD  491 CDEFGHIJK 312 HIJKLMN 
Southern States 8340  274 CBD  505 CDEFGHIJ 420 BCDEFGH 
Southern States 8412  320 CB  583 BC  425 BCDEF 
Southern States 8700  379 AB  498 CDEFGHIJ 340 FGHIJKLM 
STEYER HUNKER  289 CBD  453 DEFGHIJKLM 346 EFGHIJKLM 
STEYER PIERSON  312 CB  509 BCDEFGHIJ 468 BC 
SYNGENTA SY 483  432 AB  441 EFGHIJKLM 453 BCDE 
Terral TV8525  289 CBD  393 LM  257 MN 
Terral TV8848  194 CD  426 GHIJKLM 306 JKLMN 
Terral TV8861  305 CB  632 B  502 B 
Truman  562 A  485 CDEFGHIJKL 365 CDEFGHIJKL 
USG 3251  242 CBD  497 CDEFGHIJ 353 CDEFGHIJKLM 
USG 3438  147 D  536 BCDEFG  368 CDEFGHIJKL 
USG 3612  256 CBD  451 DEFGHIJKLM 390 BCDEFGHIJK 
USG 3993   352 B   462 DEFGHIJKLM 293 KLMN 
P-value  0.0065   <.0001   <.0001  
Mean  278   485   374  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.30 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in November. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   479   420  
AgriMAXX 413  .   455   457  
AgriMAXX 415  .   374   403  
ARMOR HAVOC  .   363   441  
ARMOR OCTANE  .   468   448  
ARMOR RAMPAGE  .   496   425  
ARMOR VANDAL  .   461   368  
BECK 113  267   412   405  
BECK 120  356   467   434  
BECK 129  .   397   441  
Bess  501   373   427  
Clark  .   396   465  
Delta Grow 7200  .   430   447  
Delta Grow 9700  363   384   448  
Dyna-Gro 9042  .   437   372  
Dyna-Gro 9171  .   423   415  
Dyna-Gro 9223  396   406   420  
Dyna-Gro 9343  .   473   414  
Equity Brand Sienna  332   463   468  
KAS 5058  .   514   357  
KAS S1200  .   455   435  
KY03C-1237-05  .   437   411  
KY03C-1237-12  .   473   439  
Pembroke 2008  .   464   472  
Pembroke 2014  505   462   473  
Pembroke 2016  431   449   499  
Pioneer variety 25R32  .   384   472  
Pioneer variety 25R40  .   494   412  
Pioneer variety 25R78  .   426   361  
Pioneer variety 26R10  .   449   439  
Pioneer variety 26R20  .   392   414  
Pioneer variety 26R41  .   399   417  
Pioneer variety 26R53  501   432   369  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.30 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in November. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  325   431   388  
Seed Consultants 1321  .   378   452  
Seed Consultants 1342  .   479   417  
Southern States 8340  .   401   368  
Southern States 8412  .   419   516  
Southern States 8700  434   391   484  
STEYER HUNKER  .   407   397  
STEYER PIERSON  .   452   344  
SYNGENTA SY 483  .   465   367  
Terral TV8525  363   552   439  
Terral TV8848  430   485   346  
Terral TV8861  313   396   376  
Truman  .   497   490  
USG 3251  363   402   461  
USG 3438  .   341   503  
USG 3612  .   405   361  
USG 3993   .     432     366   
P-value  0.2668   0.4942   0.1615  
Mean  392   434   423  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.31 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in November. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   128   76  
AgriMAXX 413  .   117   114  
AgriMAXX 415  .   .   95  
ARMOR HAVOC  .   .   78  
ARMOR OCTANE  .   93   58  
ARMOR RAMPAGE  .   206   64  
ARMOR VANDAL  .   117   119  
BECK 113  65 F‡  .   69  
BECK 120  139 CD  .   34  
BECK 129  .   .   98  
Bess  95 ED  .   72  
Clark  .   .   73  
Delta Grow 7200  .   400   49  
Delta Grow 9700  133 CD  .   78  
Dyna-Gro 9042  .   257   83  
Dyna-Gro 9171  .   .   63  
Dyna-Gro 9223  65 F  .   91  
Dyna-Gro 9343  .   .   47  
Equity Brand Sienna  .   .   50  
KAS 5058  .   .   57  
KAS S1200  .   93   60  
KY03C-1237-05  .   .   64  
KY03C-1237-12  .   290   59  
Pembroke 2008  .   .   72  
Pembroke 2014  180 C  114   74  
Pembroke 2016  74 EF  .   57  
Pioneer variety 25R32  .   .   59  
Pioneer variety 25R40  .   93   79  
Pioneer variety 25R78  .   219   56  
Pioneer variety 26R10  .   66   63  
Pioneer variety 26R20  820 A  164   39  
Pioneer variety 26R41  .   .   57  
Pioneer variety 26R53  168 C  .   89  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.31 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in November. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  106 ED‡  39   57  
Seed Consultants 1321  .   219   57  
Seed Consultants 1342  .   142   61  
Southern States 8340  .   191   72  
Southern States 8412  .   129   87  
Southern States 8700  75 EF  170   68  
STEYER HUNKER  .   290   64  
STEYER PIERSON  .   .   61  
SYNGENTA SY 483  .   .   56  
Terral TV8525  65 F  .   45  
Terral TV8848  72 EF  91   77  
Terral TV8861  520 B  99   94  
Truman  95 ED  .   87  
USG 3251  133 CD  164   44  
USG 3438  .   84   62  
USG 3612  .   .   73  
USG 3993   .     219     79   
P-value  <.0001   0.7030   0.3388  
Mean  175   161   69  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.32 Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in November. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  1,990 A‡  1,374 A  1,753 A 
AgriMAXX 413  1,894 ABC  1,272 A  1,161 H 
AgriMAXX 415  1,732 ABCDEFG .   1,726 AB 
ARMOR HAVOC  1,990 AB  .   1,682 ABC 
ARMOR OCTANE  1,828 ABCDE  1,374 A  1,555 CDEFG 
ARMOR RAMPAGE  1,872 ABCD  1,332 A  1,663 ABC 
ARMOR VANDAL  1,851 ABCDE  1,374 A  1,420 G 
BECK 113  1,919 ABC  .   1,714 ABC 
BECK 120  1,872 ABCD  .   1,636 ABCD 
BECK 129  1,897 ABC  .   1,559 CDEFG 
Bess  1,785 ABCDE  .   1,688 ABC 
Clark  1,940 ABC  .   1,602 ABCDE 
Delta Grow 7200  1,851 ABCDE  1,374 A  1,646 ABCD 
Delta Grow 9700  1,817 ABCDE  .   1,688 ABC 
Dyna-Gro 9042  1,828 ABCDE  1,332 A  1,598 ABCDE 
Dyna-Gro 9171  1,894 ABC  .   1,712 ABC 
Dyna-Gro 9223  1,851 ABCDE  .   1,714 ABC 
Dyna-Gro 9343  1,682 CDEFG  .   1,712 ABC 
Equity Brand Sienna  1,812 ABCDE  1,374 A  1,668 ABC 
KAS 5058  1,897 ABC  .   1,719 ABC 
KAS S1200  1,953 ABC  1,374 A  1,647 ABCD 
KY03C-1237-05  1,637 EFGH  .   1,611 ABCDE 
KY03C-1237-12  1,790 ABCDE  1,374 A  1,636 ABCD 
Pembroke 2008  1,790 ABCDE  .   1,598 ABCDE 
Pembroke 2014  1,836 ABCDE  1,040 B  1,162 H 
Pembroke 2016  1,872 ABCD  .   1,668 ABC 
Pioneer variety 25R32  1,767 ABCDE  .   1,611 ABCDE 
Pioneer variety 25R40  1,850 ABCDE  1,374 A  1,707 ABC 
Pioneer variety 25R78  1,990 A  1,374 A  1,670 ABC 
Pioneer variety 26R10  1,850 ABCDE  1,374 A  1,563 BCDEFG 
Pioneer variety 26R20  1,343 I  1,374 A  1,699 ABC 
Pioneer variety 26R41  1,920 ABC  .   1,668 ABC 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.32 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 
for three field trials when planted in November. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  1,760 ABCDEF‡  1,374 A  1,555 CDEFG 
PROGENY P 117  1,990 A  1,374 A  1,668 ABC 
Seed Consultants 1321  1,919 ABC  1,374 A  1,644 ABCD 
Seed Consultants 1342  1,805 ABCDE  1,282 A  1,442 FG 
Southern States 8340  1,872 ABCD  1,374 A  1,573 BCDEF 
Southern States 8412  1,805 ABCDE  1,374 A  1,576 BCDEF 
Southern States 8700  1,763 ABCDEF  1,332 A  1,560 CDEFG 
STEYER HUNKER  1,828 ABCDE  1,374 A  1,626 ABCD 
STEYER PIERSON  1,530 GHI  .   1,506 DEFG 
SYNGENTA SY 483  1,732 BCDEFG  .   1,644 ABCD 
Terral TV8525  1,655 DEFGH  .   1,693 ABC 
Terral TV8848  1,871 ABCD  979 B  1,750 A 
Terral TV8861  1,544 FGH  1,374 A  1,462 EFG 
Truman  1,446 HI  1,374 A  1,620 ABCDE 
USG 3251  1,805 ABCDE  1,374 A  1,681 ABC 
USG 3438  1,919 ABC  1,070 B  1,670 ABC 
USG 3612  1,894 ABC  .   1,633 ABCD 
USG 3993   1,716 BCDEFG   1,374 A   1,719 ABC 
P-value  <.0001   0.0055   <.0001  
Mean  1813   1327   1618  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.33 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in December. 
    GDD† Date of Planting to Emergence 
Cultivar  
Princeton 
2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  256   450 ABCDEF‡  257  
AgriMAXX 413  350   527 ABC  .  
AgriMAXX 415  418   .   250  
ARMOR HAVOC  408   313 CDEF  263  
ARMOR OCTANE  364   620 AB  250  
ARMOR RAMPAGE  451   302 DEF  319  
ARMOR VANDAL  504   266 F  271  
BECK 113  399   352 CDEF  267  
BECK 120  461   275 CDEF  333  
BECK 129  251   270 EF  242  
Bess  350   .   220  
Clark  269   324 CDEF  281  
Delta Grow 7200  556   352 CDEF  343  
Delta Grow 9700  448   266 EF  233  
Dyna-Gro 9042  350   .   272  
Dyna-Gro 9171  368   313 CDEF  225  
Dyna-Gro 9223  408   324 CDEF  233  
Dyna-Gro 9343  399   .   278  
Equity Brand Sienna  251   .   270  
KAS 5058  350   387 CDEF  250  
KAS S1200  461   300 DEF  331  
KY03C-1237-05  366   .   237  
KY03C-1237-12  420   .   280  
Pembroke 2008  451   527 ABCDE  269  
Pembroke 2014  461   381 BCDEF  242  
Pembroke 2016  421   512 ABCD  233  
Pioneer variety 25R32  403   .   266  
Pioneer variety 25R40  405   313 CDEF  233  
Pioneer variety 25R78  448   527 ABC  289  
Pioneer variety 26R10  366   .   233  
Pioneer variety 26R20  299   411 BCDEF  220  
Pioneer variety 26R41  307   454 ABCDEF  250  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.33 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in December. 
    GDD† Date of Planting to Emergence 
Cultivar   
Princeton 
2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  482   381 CDEF‡  270  
PROGENY P 117  350   363 CDEF  242  
Seed Consultants 1321  448   .   291  
Seed Consultants 1342  405   .   250  
Southern States 8340  448   426 BCDEF  245  
Southern States 8412  352   275 EF  220  
Southern States 8700  405   .   302  
STEYER HUNKER  352   .   274  
STEYER PIERSON  556   324 CDEF  295  
SYNGENTA SY 483  399   454 ABCDEF  276  
Terral TV8525  334   .   270  
Terral TV8848  448   275 CDEF  250  
Terral TV8861  .   324 CDEF  259  
Truman  503   324 CDEF  292  
USG 3251  307   381 BCDEF  233  
USG 3438  334   323 CDEF  220  
USG 3612  408   317 CDEF  245  
USG 3993   251     712 A   220   
P-value  0.6817   0.0491   0.1343  
Mean  392   379   261  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.34 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 3 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  1,510 BCDEF‡  1,015   1,019 ABCDEF 
AgriMAXX 413  1,576 ABCDE  972   .  
AgriMAXX 415  1,594 ABCD  1,059   948 BCDEF 
ARMOR HAVOC  1,445 DEFG  868   778 DEF 
ARMOR OCTANE  1,478 CDEFG  995   1,026 ABCDEF 
ARMOR RAMPAGE  1,677 AB  966   1,364 AB 
ARMOR VANDAL  1,490 CDEF  966   952 BCDEF 
BECK 113  1,574 ABCDE  868   942 BCDEF 
BECK 120  1,425 DEFG  963   1,123 ABC 
BECK 129  1,525 BCDEF  868   814 CDEF 
Bess  1,512 BCDEF  .   746 EF 
Clark  1,425 DEFG  1,001   878 CDEF 
Delta Grow 7200  1,576 ABCDE  914   927 CDEF 
Delta Grow 9700  1,677 AB  920   740 F 
Dyna-Gro 9042  1,479 CDEF  .   972 BCDEF 
Dyna-Gro 9171  1,536 ABCDE  868   778 DEF 
Dyna-Gro 9223  1,488 CDEF  868   823 CDEF 
Dyna-Gro 9343  1,576 ABCDE  966   785 DEF 
Equity Brand Sienna  1,769 A  963   823 CDEF 
KAS 5058  1,588 ABCDE  902   942 BCDEF 
KAS S1200  1,502 BCDEF  902   1,033 ABCDEF 
KY03C-1237-05  1,536 ABCDE  972   778 DEF 
KY03C-1237-12  1,478 BCDEF  954   942 BCDEF 
Pembroke 2008  1,594 ABCDE  1,059   865 CDEF 
Pembroke 2014  1,675 AB  868   785 DEF 
Pembroke 2016  1,488 CDEF  920   740 F 
Pioneer variety 25R32  1,608 ABCDE  972   859 CDEF 
Pioneer variety 25R40  1,663 ABC  977   740 F 
Pioneer variety 25R78  1,490 CDEF  937   910 CDEF 
Pioneer variety 26R10  1,478 CDEFG  .   1,032 ABCDEF 
Pioneer variety 26R20  .   868   740 F 
Pioneer variety 26R41  1,532 ABCDE  948   959 BCDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.34 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 3 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 3 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  1,672 ABC‡  931   1,067 ABCD 
PROGENY P 117  1,512 BCDEF  868   823 CDEF 
Seed Consultants 1321  1,609 ABCD  972   948 BCDEF 
Seed Consultants 1342  1,478 CDEFG  .   1,425 A 
Southern States 8340  1,588 ABCDE  937   823 CDEF 
Southern States 8412  1,349 FG  868   746 EF 
Southern States 8700  1,293 G  972   791 DEF 
STEYER HUNKER  1,446 DEFG  .   1,059 ABCDE 
STEYER PIERSON  1,576 ABCDE  937   955 BCDEF 
SYNGENTA SY 483  1,546 ABCDE  937   1,425 AB 
Terral TV8525  1,576 ABCDE  972   942 BCDEF 
Terral TV8848  1,510 BCDEF  925   920 CDEF 
Terral TV8861  .   937   955 BCDEF 
Truman  1,379 EFG  937   1,120 ABC 
USG 3251  1,401 EFG  920   778 DEF 
USG 3438  1,595 ABCD  931   778 DEF 
USG 3612  1,510 ABCDEF  868   943 CDEF 
USG 3993   1,490 CDEF   1,059     778 DEF 
P-value  0.0147   0.1521   0.0387  
Mean  1,531   940   919  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.35 Cumulative growing degree days (GDD) from the date of planting to Feekes 5 
for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 5 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,984 ABCD‡  1,934 BCDE  1,664 DEFG 
AgriMAXX 413  1,984 ABCDE  2,142 ABC  .  
AgriMAXX 415  1,984 ABCD  2,142 ABC  1,717 CDE 
ARMOR HAVOC  1,876 DEFG  1,895 BCDE  1,513 IJ 
ARMOR OCTANE  2,060 AB  1,932 BCDE  1,702 CDEF 
ARMOR RAMPAGE  1,984 ABCD  2,129 ABC  1,678 DEFG 
ARMOR VANDAL  1,675 H  1,738 CDE  1,554 HIJ 
BECK 113  2,022 ABC  1,750 CDE  1,641 EFGH 
BECK 120  1,803 FG  1,709 CDE  1,713 CDE 
BECK 129  .   1,688 E  1,622 FGH 
Bess  1,984 ABCD  2,188 AB  1,641 EFGH 
Clark  1,837 DEFG  1,790 CDE  1,641 EFGH 
Delta Grow 7200  1,984 ABCD  1,768 CDE  1,702 CDEF 
Delta Grow 9700  1,984 ABCD  1,829 CDE  1,618 FGH 
Dyna-Gro 9042  2,060 ABC  2,103 ABC  1,618 FGH 
Dyna-Gro 9171  1,911 CDEF  2,142 ABC  1,618 FGH 
Dyna-Gro 9223  1,837 DEFG  1,881 BCDE  1,576 GHI 
Dyna-Gro 9343  1,984 ABCD  1,953 BCDE  1,664 DEFG 
Equity Brand Sienna  2,060 A  2,142 ABC  1,664 DEFG 
KAS 5058  1,984 ABCD  2,103 ABC  1,618 FGH 
KAS S1200  1,837 DEFG  2,116 ABC  1,641 EFGH 
KY03C-1237-05  2,034 ABC  2,463 A  1,702 CDEF 
KY03C-1237-12  1,984 ABCD  2,103 ABC  1,664 DEFG 
Pembroke 2008  2,060 A  1,890 BCDE  1,664 DEFG 
Pembroke 2014  2,022 ABC  1,906 BCDE  1,702 CDEF 
Pembroke 2016  1,984 ABCDE  1,881 BCDE  1,513 IJ 
Pioneer variety 25R32  2,060 ABC  2,123 ABC  1,641 EFGH 
Pioneer variety 25R40  2,022 ABC  1,798 CDE  1,618 FGH 
Pioneer variety 25R78  1,837 EFG  1,859 BCDE  1,664 DEFG 
Pioneer variety 26R10  2,060 AB  .   1,702 CDEF 
Pioneer variety 26R20  1,984 ABCD  1,746 CDE  1,478 J 
Pioneer variety 26R41  1,837 DEFG  1,990 BCD  1,641 EFGH 
Pioneer variety 26R53  2,060 AB  1,728 CDE  1,641 EFGH 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.35 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 5 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 5 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,814 FG‡  1,709 DE  1,664 DEFG 
Seed Consultants 1321  1,984 ABCD  1,831 BCDE  1,664 DEFG 
Seed Consultants 1342  1,984 ABCD  1,890 BCDE  1,892 AB 
Southern States 8340  1,984 ABCD  1,878 BCDE  1,892 A 
Southern States 8412  2,022 ABC  1,840 BCDE  1,599 GHI 
Southern States 8700  1,984 ABCD  .   1,664 DEFG 
STEYER HUNKER  1,675 H  .   1,755 CD 
STEYER PIERSON  1,984 ABCD  1,878 BCDE  1,513 IJ 
SYNGENTA SY 483  .   2,176 AB  1,705 CDEFG 
Terral TV8525  1,984 ABCD  1,765 CDE  1,664 DEFG 
Terral TV8848  .   1,737 CDE  1,577 GHI 
Terral TV8861  1,984 ABCD  1,906 BCDE  1,791 BC 
Truman  1,984 ABCD  1,859 BCDE  1,702 CDEF 
USG 3251  1,769 GH  .   1,596 GHI 
USG 3438  .   1,790 CDE  1,599 GHI 
USG 3612  1,960 BCDE  1,709 DE  1,702 CDEF 
USG 3993   1,984 ABCD   2,211 AB   1,596 GHI 
P-value  0.0003   0.0020   <.0001  
Mean  1954   1929   1653  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.36 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,034 BCD‡  2,030 DE  1,865 BCDE 
AgriMAXX 413  2,009 BCD  2,211 ABCD  .  
AgriMAXX 415  2,060 BC  2,211 ABCD  1,875 BCDE 
ARMOR HAVOC  1,960 D  2,115 BCDE  1,739 FG 
ARMOR OCTANE  2,079 BC  2,126 BCDE  1,892 ABCDE 
ARMOR RAMPAGE  2,022 BCD  2,175 BCD  1,902 ABCD 
ARMOR VANDAL  1,935 D  2,067 CDE  1,740 FG 
BECK 113  2,022 BCD  2,006 DE  1,813 DEF 
BECK 120  1,984 CD  2,084 BCDE  1,913 AB 
BECK 129  1,984 CD  1,983 E  1,853 BCDE 
Bess  2,022 BCD  2,353 A  1,777 EFG 
Clark  1,984 CD  2,103 BCDE  1,788 EFG 
Delta Grow 7200  2,022 BCD  2,032 DE  1,825 BCDEF 
Delta Grow 9700  2,022 BCD  2,103 BCDE  1,739 FG 
Dyna-Gro 9042  2,031 BCD  2,103 BCDE  1,825 BCDEF 
Dyna-Gro 9171  2,060 BCD  2,211 ABCD  1,788 EFG 
Dyna-Gro 9223  2,034 BCD  2,067 CDE  1,740 FG 
Dyna-Gro 9343  2,060 BC  2,175 BCD  1,853 BCDE 
Equity Brand Sienna  2,126 AB  2,157 BCD  1,827 BCDEF 
KAS 5058  2,060 BCD  2,175 BCD  1,864 BCDE 
KAS S1200  1,984 CD  2,103 BCDE  1,875 BCDE 
KY03C-1237-05  2,126 ABC  2,211 ABCD  1,907 ABC 
KY03C-1237-12  1,984 CD  2,103 BCDE  1,898 ABCD 
Pembroke 2008  2,104 ABC  2,246 AB  1,827 BCDEF 
Pembroke 2014  2,022 BCD  2,139 BCDE  1,902 ABCD 
Pembroke 2016  1,960 D  2,068 CDE  1,702 G 
Pioneer variety 25R32  2,055 BC  2,157 BCD  1,892 ABCDE 
Pioneer variety 25R40  2,022 BCD  2,175 BCD  1,840 BCDE 
Pioneer variety 25R78  1,984 CD  2,103 BCDE  1,902 ABCD 
Pioneer variety 26R10  1,984 BCD  .   1,923 AB 
Pioneer variety 26R20  2,060 BCD  2,006 DE  1,702 G 
Pioneer variety 26R41  1,984 CD  2,103 BCDE  1,827 BCDEF 
Pioneer variety 26R53  2,079 BC  2,032 DE  1,815 CDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.36 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,009 BCD‡  1,977 E  1,875 BCDE 
Seed Consultants 1321  2,022 BCD  1,996 DE  1,932 AB 
Seed Consultants 1342  2,034 BCD  2,211 ABCD  1,956 AB 
Southern States 8340  2,034 BCD  2,055 DE  1,956 AB 
Southern States 8412  2,009 BCD  2,019 DE  1,788 EFG 
Southern States 8700  2,022 BCD  2,211 ABCD  1,865 BCDE 
STEYER HUNKER  1,960 D  .   1,934 AB 
STEYER PIERSON  2,093 ABC  2,032 DE  1,702 G 
SYNGENTA SY 483  1,984 CD  2,246 AB  1,892 ABCDE 
Terral TV8525  2,022 BCD  2,228 ABC  1,892 ABCDE 
Terral TV8848  2,031 BCD  2,103 BCDE  1,815 CDEF 
Terral TV8861  2,222 A  2,175 BCD  1,977 A 
Truman  2,082 BC  2,103 BCDE  1,892 ABCDE 
USG 3251  1,984 CD  2,157 BCD  1,788 EFG 
USG 3438  1,984 CD  2,054 DE  1,777 EFG 
USG 3612  2,022 BCD  2,019 DE  1,892 ABCDE 
USG 3993   1,984 BCD   2,353 A   1,739 FG 
P-value  0.0223   0.0014   <.0001  
Mean  2027   2122   1843  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.37 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,315 CDEFG‡  2,408 E  2,276 CDEF 
AgriMAXX 413  2,380 BCDEFG  2,553 BCDE  .  
AgriMAXX 415  2,554 AB  2,589 ABCDE  2,225 DEFGH 
ARMOR HAVOC  2,266 EFG  2,486 BCDE  2,128 HIJ 
ARMOR OCTANE  2,588 A  2,426 E  2,257 CDEFG 
ARMOR RAMPAGE  2,319 BCDEFG  2,625 ABC  2,255 CDEFG 
ARMOR VANDAL  2,319 BCDEFG  2,455 DE  2,210 DEFGH 
BECK 113  2,404 BCDEFG  2,389 E  2,195 DEFGHI 
BECK 120  2,282 DEFG  2,353 E  2,373 BC 
BECK 129  2,315 CDEFG  2,353 E  2,247 DEFGH 
Bess  2,369 BCDEFG  2,808 A  2,181 EFGHI 
Clark  2,245 FG  2,468 BCDE  2,200 DEFGHI 
Delta Grow 7200  2,464 ABCD  2,389 E  2,245 DEFGH 
Delta Grow 9700  2,309 CDEFG  2,505 BCDE  2,157 GHIJ 
Dyna-Gro 9042  .   2,836 A  2,245 DEFGH 
Dyna-Gro 9171  2,280 EFG  2,547 BCDE  2,210 DEFGH 
Dyna-Gro 9223  2,331 BCDEFG  2,389 E  2,096 IJ 
Dyna-Gro 9343  2,489 ABCD  2,455 DE  2,238 DEFGH 
Equity Brand Sienna  2,554 ABC  2,471 BCDE  2,229 DEFGH 
KAS 5058  2,489 ABCD  2,625 ABC  2,245 DEFGH 
KAS S1200  2,222 G  2,450 DE  2,271 CDEF 
KY03C-1237-05  .   2,612 ABCD  2,255 CDEFG 
KY03C-1237-12  2,489 ABCD  2,408 E  2,286 CDE 
Pembroke 2008  2,415 ABCDEFG 2,534 BCDE  2,212 DEFGH 
Pembroke 2014  2,399 BCDEFG  2,389 E  2,498 A 
Pembroke 2016  2,331 BCDEFG  2,455 DE  2,074 J 
Pioneer variety 25R32  2,489 ABCD  2,749 A  2,235 DEFGH 
Pioneer variety 25R40  2,362 BCDEFG  2,463 CDE  2,238 DEFGH 
Pioneer variety 25R78  2,269 DEFG  2,450 DE  2,396 ABC 
Pioneer variety 26R10  2,315 CDEFG  .   2,363 BC 
Pioneer variety 26R20  2,432 ABCDE  2,450 DE  2,108 HIJ 
Pioneer variety 26R41  2,251 G  2,492 BCDE  2,171 FGHIJ 
Pioneer variety 26R53  2,451 ABCD  2,389 E  2,280 CDE 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.37 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,238 G‡  2,408 E  2,229 DEFGH 
Seed Consultants 1321  2,280 EFG  2,353 E  2,299 CD 
Seed Consultants 1342  2,375 BCDEFG  2,589 ABCDE  2,343 BCD 
Southern States 8340  2,432 ABCDE  2,426 E  2,437 AB 
Southern States 8412  2,342 BCDEFG  2,431 E  2,236 DEFGH 
Southern States 8700  2,391 BCDEFG  2,714 AB  2,295 CD 
STEYER HUNKER  2,245 G  .   2,400 ABC 
STEYER PIERSON  2,415 ABCDEF  2,534 BCDE  2,074 J 
SYNGENTA SY 483  2,309 BCDEFG  2,625 ABC  2,257 CDEFGH 
Terral TV8525  2,452 ABCD  2,588 ABCDE  2,276 CDEF 
Terral TV8848  2,319 CDEFG  2,754 A  2,192 DEFGHI 
Terral TV8861  2,489 ABCD  2,426 E  2,430 AB 
Truman  .   2,487 BCDE  2,293 CD 
USG 3251  2,238 G  2,463 BCDE  2,195 DEFGHI 
USG 3438  2,245 FG  2,413 E  2,205 DEFGH 
USG 3612  2,327 BCDEFG  2,594 ABCDE  2,299 CD 
USG 3993   2,362 BCDEFG   2,794 A   2,181 EFGHI 
P-value  0.0023   <.0001   <.0001  
Mean  2365   2512   2250  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.38 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   2,854 GHIJK‡  2,695 DEFG 
AgriMAXX 413  .   2,946 DEFGHI  .  
AgriMAXX 415  .   2,902 EFGHIJK  2,604 FGHIJK 
ARMOR HAVOC  .   2,951 DEFGH  2,510 K 
ARMOR OCTANE  .   2,848 HIJK  2,697 DEF 
ARMOR RAMPAGE  .   2,995 DEF  2,681 DEFGH 
ARMOR VANDAL  .   2,915 EFGHIJ  2,599 GHIJK 
BECK 113  .   2,727 KL  2,564 JK 
BECK 120  .   2,904 EFGHIJK  2,768 CD 
BECK 129  .   2,808 IJKL  2,696 DEF 
Bess  .   3,155 A  2,652 EFGHIJ 
Clark  .   2,891 EFGHIJK  2,640 EFGHIJ 
Delta Grow 7200  .   2,848 HIJK  2,667 EFGHI 
Delta Grow 9700  .   2,915 EFGHIJ  2,586 HIJK 
Dyna-Gro 9042  .   3,056 ABCDE  2,741 CDE 
Dyna-Gro 9171  .   2,881 FGHIJK  2,639 EFGHIJ 
Dyna-Gro 9223  .   2,848 HIJK  2,519 K 
Dyna-Gro 9343  .   2,870 FGHIJK  2,625 EFGHIJ 
Equity Brand Sienna  .   2,869 FGHIJK  2,713 CDE 
KAS 5058  .   2,931 EFGHIJ  2,612 FGHIJK 
KAS S1200  .   2,891 EFGHIJK  2,713 CDE 
KY03C-1237-05  .   3,028 BCDE  2,711 CDE 
KY03C-1237-12  .   2,794 JKL  2,770 CD 
Pembroke 2008  .   3,056 ABCDE  2,681 DEFGH 
Pembroke 2014  .   2,808 IJKL  2,956 A 
Pembroke 2016  .   2,869 GHIJK  2,520 K 
Pioneer variety 25R32  .   3,086 ABCD  2,740 CDE 
Pioneer variety 25R40  .   2,924 EFGHIJ  2,612 FGHIJK 
Pioneer variety 25R78  .   2,913 EFGHIJ  2,957 A 
Pioneer variety 26R10  .   .   2,841 BC 
Pioneer variety 26R20  .   2,870 FGHIJK  2,529 K 
Pioneer variety 26R41  2,554   3,007 CDE  2,630 EFGHIJ 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.38 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  2,891   2,714 L‡  2,710 CDE 
PROGENY P 117  .   2,869 FGHIJK  2,639 EFGHIJ 
Seed Consultants 1321  .   2,714 KL  2,711 CDE 
Seed Consultants 1342  .   3,056 ABCDE  2,845 ABC 
Southern States 8340  .   2,753 KL  2,800 C 
Southern States 8412  .   2,858 GHIJK  2,726 CDE 
Southern States 8700  .   2,936 DEFGHIJ  2,666 EFGHI 
STEYER HUNKER  .   .   2,815 BC 
STEYER PIERSON  .   2,924 EFGHIJ  2,528 K 
SYNGENTA SY 483  .   2,988 DEFG  2,625 EFGHIJK 
Terral TV8525  .   2,946 DEFGHI  2,653 EFGHIJ 
Terral TV8848  .   3,147 AB  2,524 K 
Terral TV8861  .   2,754 KL  2,912 AB 
Truman  .   2,891 EFGHIJK  2,725 CDE 
USG 3251  .   2,794 IJKL  2,572 IJK 
USG 3438  .   2,848 HIJK  2,653 EFGHIJ 
USG 3612  .   2,960 DEFGH  2,698 DEF 
USG 3993   .     3,147 ABC   2,599 GHIJK 
P-value  -   <.0001   <.0001  
Mean  2722   2909   2679  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.39 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,622 M‡  2,936 CDEFG  2,771 DEF 
AgriMAXX 413  2,779 HIJKLM  3,099 BCD  .  
AgriMAXX 415  2,895 EFGHIJKL 2,936 CDEFGH  2,711 DEFGHI 
ARMOR HAVOC  2,739 JKLM  3,044 CDEF  2,576 J 
ARMOR OCTANE  3,332 ABC  2,936 DEFGH  2,783 DEF 
ARMOR RAMPAGE  2,977 EFGHIJ  3,097 BC  2,770 DEFG 
ARMOR VANDAL  2,810 GHIJKLM 2,995 CDEF  2,667 GHIJ 
BECK 113  2,912 EFGHIJKL 2,780 GH  2,640 HIJ 
BECK 120  2,656 LM  2,992 CDEF  2,838 CD 
BECK 129  2,894 FGHIJKL  2,902 FGH  2,786 DE 
Bess  2,891 FGHIJKL  3,245 AB  2,785 DE 
Clark  2,687 KLM  2,949 CDEFG  2,741 DEFGH 
Delta Grow 7200  3,085 BCDEF  2,936 DEFGH  2,755 DEFG 
Delta Grow 9700  3,057 BCDEFG  2,988 CDEF  2,681 FGHIJ 
Dyna-Gro 9042  3,044 DEFGH  3,147 ABC  2,830 CD 
Dyna-Gro 9171  2,727 JKLM  3,018 CDEF  2,740 DEFGH 
Dyna-Gro 9223  3,002 DEFGHI  2,936 DEFGH  2,625 IJ 
Dyna-Gro 9343  2,973 DEFGHIJ  2,948 CDEFG  2,695 EFGHIJ 
Equity Brand Sienna  3,367 AB  2,954 CDEFG  2,770 DEFG 
KAS 5058  3,073 BCDEF  3,046 CDEF  2,711 DEFGHI 
KAS S1200  2,687 KLM  2,976 CDEFG  2,783 DEF 
KY03C-1237-05  3,156 ABCDE  3,223 AB  2,785 DEF 
KY03C-1237-12  3,038 CDEFGH  2,886 FGH  2,862 CD 
Pembroke 2008  3,071 BCDEF  3,147 ABC  2,755 DEFG 
Pembroke 2014  2,817 GHIJKLM 2,924 EFGH  3,035 AB 
Pembroke 2016  2,946 EFGHIJ  3,033 CDEF  2,598 J 
Pioneer variety 25R32  2,946 EFGHIJ  3,223 AB  2,828 CD 
Pioneer variety 25R40  3,029 DEFGH  3,000 CDEF  2,681 FGHIJ 
Pioneer variety 25R78  2,687 KLM  3,056 CDEF  3,047 A 
Pioneer variety 26R10  2,835 FGHIJKLM .   2,898 BC 
Pioneer variety 26R20  3,266 ABCD  2,948 CDEFG  2,613 IJ 
Pioneer variety 26R41  2,638 LM  3,097 BC  2,711 DEFGHI 
Pioneer variety 26R53  3,085 BCDEF  2,753 H  2,800 CD 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.39 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,687 KLM‡  2,996 CDEF  2,741 DEFGH 
Seed Consultants 1321  2,723 JKLM  2,836 FGH  2,800 CD 
Seed Consultants 1342  2,968 EFGHIJ  3,147 ABC  2,884 BCD 
Southern States 8340  2,885 FGHIJKL  2,841 FGH  2,894 BC 
Southern States 8412  2,903 FGHIJKL  2,924 EFGH  2,815 CD 
Southern States 8700  3,026 DEFGH  2,972 CDEFG  2,800 CD 
STEYER HUNKER  2,736 JKLM  .   2,894 BC 
STEYER PIERSON  3,057 BCDEFG  3,000 CDEF  2,612 IJ 
SYNGENTA SY 483  2,932 EFGHIJK  3,097 BC  2,710 DEFGHIJ 
Terral TV8525  2,622 LM  3,024 CDEF  2,756 DEFG 
Terral TV8848  2,842 FGHIJKLM 3,283 A  2,632 IJ 
Terral TV8861  3,465 A  2,814 GH  3,005 AB 
Truman  3,333 ABC  2,988 CDEF  2,800 CD 
USG 3251  2,754 IJKLM  2,886 FGH  2,639 HIJ 
USG 3438  2,646 KLM  2,936 DEFGH  2,755 DEFG 
USG 3612  2,773 HIJKLM  3,056 CDE  2,770 DEFG 
USG 3993   2,862 FGHIJKLM 3,262 AB   2,683 EFGHIJ 
P-value  <.0001   <.0001   <.0001  
Mean  2919   3004   2764  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.40 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,405   4,481   4,317  
AgriMAXX 413  4,405   4,481   .  
AgriMAXX 415  4,405   4,481   4,317  
ARMOR HAVOC  4,405   4,481   4,317  
ARMOR OCTANE  4,405   4,481   4,317  
ARMOR RAMPAGE  4,405   4,481   4,317  
ARMOR VANDAL  4,405   4,481   4,317  
BECK 113  4,405   4,481   4,317  
BECK 120  4,405   4,481   4,317  
BECK 129  4,405   4,481   4,317  
Bess  4,405   4,481   4,317  
Clark  4,405   4,481   4,317  
Delta Grow 7200  4,405   4,481   4,317  
Delta Grow 9700  4,405   4,481   4,317  
Dyna-Gro 9042  4,405   4,481   4,317  
Dyna-Gro 9171  4,405   4,481   4,317  
Dyna-Gro 9223  4,405   4,481   4,317  
Dyna-Gro 9343  4,405   4,481   4,317  
Equity Brand Sienna  4,405   4,481   4,317  
KAS 5058  4,405   4,481   4,317  
KAS S1200  4,405   4,481   4,317  
KY03C-1237-05  4,405   4,481   4,317  
KY03C-1237-12  4,405   4,481   4,317  
Pembroke 2008  4,405   4,481   4,317  
Pembroke 2014  4,405   4,481   4,317  
Pembroke 2016  4,405   4,481   4,317  
Pioneer variety 25R32  4,405   4,481   4,317  
Pioneer variety 25R40  4,405   4,481   4,317  
Pioneer variety 25R78  4,405   4,481   4,317  
Pioneer variety 26R10  4,405   .   4,317  
Pioneer variety 26R20  4,405   4,481   4,317  
Pioneer variety 26R41  4,405   4,481   4,317  
Pioneer variety 26R53  4,405   4,481   4,317  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.40 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in December. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  4,405   4,481   4,317  
Seed Consultants 1321  4,405   4,481   4,317  
Seed Consultants 1342  4,405   4,481   4,317  
Southern States 8340  4,405   4,481   4,317  
Southern States 8412  4,405   4,481   4,317  
Southern States 8700  4,405   4,481   4,317  
STEYER HUNKER  4,405   .   4,317  
STEYER PIERSON  4,405   4,481   4,317  
SYNGENTA SY 483  4,405   4,481   4,317  
Terral TV8525  4,405   4,481   4,317  
Terral TV8848  4,405   4,481   4,317  
Terral TV8861  4,405   4,481   4,317  
Truman  4,405   4,481   4,317  
USG 3251  4,405   4,481   4,317  
USG 3438  4,405   4,481   4,317  
USG 3612  4,405   4,481   4,317  
USG 3993   4,405     4,481     4,317   
P-value  1.0000   1.0000     
Mean  4405   4481   4317  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.41 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in December. 
    GDD† Emergence to Feekes 3 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  1,255   522   762 BCDEFG‡ 
AgriMAXX 413  1,226   445   .  
AgriMAXX 415  1,176   .   698 BCDEFG 
ARMOR HAVOC  1,037   555   516 EFG 
ARMOR OCTANE  1,140   344   776 ABCDEF 
ARMOR RAMPAGE  1,274   566   1,045 AB 
ARMOR VANDAL  987   602   681 CDEFG 
BECK 113  1,175   515   675 CDEFG 
BECK 120  964   593   790 ABCDEF 
BECK 129  1,274   597   573 CDEFG 
Bess  1,162   .   527 DEFG 
Clark  1,156   648   597 CDEFG 
Delta Grow 7200  1,029   550   583 CDEFG 
Delta Grow 9700  1,278   602   507 FG 
Dyna-Gro 9042  1,129   .   699 BCDEFG 
Dyna-Gro 9171  1,168   555   554 CDEFG 
Dyna-Gro 9223  1,080   544   590 CDEFG 
Dyna-Gro 9343  1,177   .   507 FG 
Equity Brand Sienna  1,518   .   553 CDEFG 
KAS 5058  1,238   515   692 BCDEFG 
KAS S1200  1,042   568   703 BCDEFG 
KY03C-1237-05  1,171   .   541 DEFG 
KY03C-1237-12  1,199   .   662 CDEFG 
Pembroke 2008  1,191   532   596 CDEFG 
Pembroke 2014  1,214   487   543 DEFG 
Pembroke 2016  1,067   566   507 FG 
Pioneer variety 25R32  1,206   .   594 CDEFG 
Pioneer variety 25R40  1,258   624   507 FG 
Pioneer variety 25R78  1,042   393   621 CDEFG 
Pioneer variety 26R10  1,203   .   799 ABCDE 
Pioneer variety 26R20  .   457   520 EFG 
Pioneer variety 26R41  1,225   501   709 BCDEFG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.41 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in December. 
    GDD† Emergence to Feekes 3 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  1,351   487   797 ABCD‡ 
PROGENY P 117  1,162   505   582 CDEFG 
Seed Consultants 1321  1,161   .   657 CDEFG 
Seed Consultants 1342  1,079   .   1,175 A 
Southern States 8340  1,140   494   578 CDEFG 
Southern States 8412  950   593   527 DEFG 
Southern States 8700  888   .   489 G 
STEYER HUNKER  1,094   .   785 ABCDEF 
STEYER PIERSON  1,029   544   660 CDEFG 
SYNGENTA SY 483  1,147   466   1,149 AB 
Terral TV8525  1,325   .   672 CDEFG 
Terral TV8848  1,062   593   670 CDEFG 
Terral TV8861  .   544   696 BCDEFG 
Truman  977   613   828 ABC 
USG 3251  1,094   592   545 DEFG 
USG 3438  1,261   608   558 CDEFG 
USG 3612  1,172   551   697 CDEFG 
USG 3993   1,239     .     558 CDEFG 
P-value  0.1017   0.1295   0.0438  
Mean  1154   539   658  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.42 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in December. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  605   919 EF‡  645 CDEFG 
AgriMAXX 413  408   1,170 EBCDF  .  
AgriMAXX 415  390   1,083 ECDF  769 ABCDEF 
ARMOR HAVOC  399   1,317 EBCDF  735 ABCDEF 
ARMOR OCTANE  1,272   937 EF  676 BCDEF 
ARMOR RAMPAGE  147   1,163 ECDF  314 G 
ARMOR VANDAL  296   775 F  602 CDEFG 
BECK 113  1,138   882 EF  700 BCDEF 
BECK 120  355   842 EF  590 EFG 
BECK 129  .   821 EF  808 ABCDEF 
Bess  438   2,188 A  895 ABC 
Clark  458   789 F  764 ABCDEF 
Delta Grow 7200  1,984   855 EF  775 ABCDEF 
Delta Grow 9700  147   1,216 EBCDF  879 ABCD 
Dyna-Gro 9042  484   2,103 AB  647 BCDEF 
Dyna-Gro 9171  365   1,274 EBCDF  840 ABCDEF 
Dyna-Gro 9223  394   1,013 EF  753 ABCDEF 
Dyna-Gro 9343  408   990 EF  879 ABCD 
Equity Brand Sienna  1,175   1,083 ECDF  841 ABCDEF 
KAS 5058  390   1,236 EBCDF  677 BCDEF 
KAS S1200  321   1,214 EBCDF  608 CDEFG 
KY03C-1237-05  498   2,463 A  924 AB 
KY03C-1237-12  408   1,149 ECDF  722 BCDEF 
Pembroke 2008  1,254   1,360 EBCDF  799 ABCDEF 
Pembroke 2014  298   1,039 EDF  917 AB 
Pembroke 2016  408   1,268 EBCDF  773 ABCDEF 
Pioneer variety 25R32  223   1,475 EBCD  782 ABCDEF 
Pioneer variety 25R40  315   861 EF  879 ABCD 
Pioneer variety 25R78  458   922 EF  754 ABCDEF 
Pioneer variety 26R10  2,060   .   670 BCDEF 
Pioneer variety 26R20  1,984   879 EF  738 ABCDEF 
Pioneer variety 26R41  394   1,042 EDF  683 BCDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.42 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in December. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  2,060   797 EF‡  574 EFG 
PROGENY P 117  302   842 EF  841 ABCDEF 
Seed Consultants 1321  408   859 EF  716 BCDEF 
Seed Consultants 1342  1,984   1,890 ABC  467 FG 
Southern States 8340  373   941 EF  1,069 A 
Southern States 8412  1,234   973 EF  853 ABCDE 
Southern States 8700  605   .   873 ABCD 
STEYER HUNKER  296   .   696 BCDEF 
STEYER PIERSON  1,196   941 EF  558 EFG 
SYNGENTA SY 483  .   1,256 EBCDF  280 G 
Terral TV8525  408   793 EF  722 BCDEF 
Terral TV8848  .   835 EF  657 BCDEF 
Terral TV8861  1,984   986 EF  836 ABCDEF 
Truman  605   922 EF  582 DEFG 
USG 3251  390   .   817 ABCDEF 
USG 3438  .   859 EF  821 ABCDEF 
USG 3612  954   842 EF  759 BCDEF 
USG 3993   507     1,681 ABCD   817 ABCDEF 
P-value  0.5299   0.0007   0.0142  
Mean  721   1125   734  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.43 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in December. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  76 CD‡  192 ABCD  201  
AgriMAXX 413  76 CD  .   .  
AgriMAXX 415  76 CD  69 CD  158  
ARMOR HAVOC  72 D  220 ABCD  227  
ARMOR OCTANE  67 D  194 BCD  190  
ARMOR RAMPAGE  76 CD  69 D  224  
ARMOR VANDAL  163 AB  311 AB  186  
BECK 113  76 CD  256 AB  172  
BECK 120  181 A  248 ABCD  200  
BECK 129  .   295 AB  232  
Bess  76 CD  165 BCD  136  
Clark  147 ABC  313 AB  147  
Delta Grow 7200  .   264 AB  124  
Delta Grow 9700  76 CD  274 AB  121  
Dyna-Gro 9042  67 D  .   207  
Dyna-Gro 9171  .   .   170  
Dyna-Gro 9223  147 ABC  280 AB  164  
Dyna-Gro 9343  76 CD  204 ABCD  189  
Equity Brand Sienna  67 D  69 D  163  
KAS 5058  76 CD  .   246  
KAS S1200  147 ABC  .   234  
KY03C-1237-05  67 D  .   205  
KY03C-1237-12  .   .   234  
Pembroke 2008  67 D  357 A  163  
Pembroke 2014  .   394 AB  200  
Pembroke 2016  76 CD  187 BCD  189  
Pioneer variety 25R32  .   204 BCD  250  
Pioneer variety 25R40  76 CD  359 AB  221  
Pioneer variety 25R78  147 ABC  244 ABC  238  
Pioneer variety 26R10  .   .   221  
Pioneer variety 26R20  .   259 AB  224  
Pioneer variety 26R41  147 ABC  169 BCD  185  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
147 
 
Table 3.43 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in December. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  67 D‡  304 AB  174  
PROGENY P 117  195 A  268 AB  211  
Seed Consultants 1321  76 CD  166 ABCD  268  
Seed Consultants 1342  76 CD  321 AB  64  
Southern States 8340  76 CD  177 BCD  64  
Southern States 8412  .   268 AB  190  
Southern States 8700  76 CD  .   201  
STEYER HUNKER  163 AB  .   179  
STEYER PIERSON  76 CD  231 ABC  189  
SYNGENTA SY 483  .   71 D  187  
Terral TV8525  76 CD  338 AB  228  
Terral TV8848  .   313 AB  238  
Terral TV8861  .   251 ABCD  186  
Truman  76 CD  366 A  190  
USG 3251  216 A  .   193  
USG 3438  .   264 AB  178  
USG 3612  111 BCD  310 AB  190  
USG 3993   .     142 BCD   144   
P-value  0.0118   0.0129   0.1450  
Mean  100   241   190  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.44 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in December. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  281   378 BCDEFGH‡ 412  
AgriMAXX 413  371   542 ABC  .  
AgriMAXX 415  495   379 BCDEFGH 350  
ARMOR HAVOC  244   371 BCDEFGH 389  
ARMOR OCTANE  533   300 EFGH  365  
ARMOR RAMPAGE  297   451 ABCDE  353  
ARMOR VANDAL  335   388 BCDEFGH 470  
BECK 113  377   384 BCDEFGH 383  
BECK 120  298   269 GH  460  
BECK 129  331   370 BCDEFGH 394  
Bess  287   456 ABCDE  404  
Clark  261   365 CDEFGH  412  
Delta Grow 7200  430   358 CDEFGH  420  
Delta Grow 9700  250   402 BCDEF  418  
Dyna-Gro 9042  .   733 A  420  
Dyna-Gro 9171  163   379 BCDEFG  421  
Dyna-Gro 9223  297   322 DEFGH  356  
Dyna-Gro 9343  430   280 GH  385  
Equity Brand Sienna  428   314 DEFGH  403  
KAS 5058  .   451 ABCDE  381  
KAS S1200  238   305 DEFGH  396  
KY03C-1237-05  .   351 CDEFGH  348  
KY03C-1237-12  .   305 DEFGH  389  
Pembroke 2008  289   288 DEFGH  386  
Pembroke 2014  325   251 H  597  
Pembroke 2016  371   387 BCDEFGH 372  
Pioneer variety 25R32  505   591 AB  343  
Pioneer variety 25R40  340   288 FGH  399  
Pioneer variety 25R78  285   347 CDEFGH  494  
Pioneer variety 26R10  325   .   440  
Pioneer variety 26R20  250   444 ABCDE  407  
Pioneer variety 26R41  267   389 BCDEFGH 345  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.44 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in December. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  372   358 CDEFGH‡  465  
PROGENY P 117  228   431 BCDEF  354  
Seed Consultants 1321  244   357 BCDEFGH 367   
Seed Consultants 1342  341   379 BCDEFGH 388   
Southern States 8340  410   372 CDEFGH  482  
Southern States 8412  320   413 BCDEF  447  
Southern States 8700  320   503 ABCD  430  
STEYER HUNKER  335   .   467  
STEYER PIERSON  356   502 ABCD  372  
SYNGENTA SY 483  325   425 ABCDEF  365  
Terral TV8525  430   361 CDEFGH  385  
Terral TV8848  264   651 A  377  
Terral TV8861  .   252 GH  453  
Truman  .   384 BCDEFGH 401  
USG 3251  254   306 DEFGH  407  
USG 3438  261   359 CDEFGH  428  
USG 3612  224   576 AB  407  
USG 3993   431     442 ABCDE   442   
P-value  0.1303   0.0003   0.1032  
Mean  328   394   407  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.45 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in December. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   446 ABC‡  419 BCD 
AgriMAXX 413  .   394 ABC  .  
AgriMAXX 415  .   313 BCDE  379 BCDE 
ARMOR HAVOC  .   466 AB  382 BCDE 
ARMOR OCTANE  .   422 ABC  441 BCD 
ARMOR RAMPAGE  .   370 ABCD  427 BCD 
ARMOR VANDAL  .   460 ABC  390 BCDE 
BECK 113  .   337 BCDE  369 CDE 
BECK 120  .   552 A  395 BCDE 
BECK 129  .   456 ABC  449 BCD 
Bess  .   347 BCDE  472 AB 
Clark  .   423 ABC  440 BCD 
Delta Grow 7200  .   458 ABC  422 BCD 
Delta Grow 9700  .   410 ABC  429 BCD 
Dyna-Gro 9042  .   220 DE  496 AB 
Dyna-Gro 9171  .   334 BCDE  429 BCD 
Dyna-Gro 9223  .   458 ABC  423 BCD 
Dyna-Gro 9343  .   415 ABC  387 BCDE 
Equity Brand Sienna  .   398 ABCD  484 AB 
KAS 5058  .   306 CDE  367 CDE 
KAS S1200  .   441 ABC  442 BCD 
KY03C-1237-05  .   416 ABC  456 B 
KY03C-1237-12  .   387 ABCD  483 AB 
Pembroke 2008  .   522 A  468 AB 
Pembroke 2014  .   419 ABC  457 AB 
Pembroke 2016  .   414 ABC  446 BCD 
Pioneer variety 25R32  .   337 BCDE  505 AB 
Pioneer variety 25R40  .   461 AB  374 BCDE 
Pioneer variety 25R78  .   463 AB  561 A 
Pioneer variety 26R10  .   .   478 AB 
Pioneer variety 26R20  .   420 ABC  421 BCD 
Pioneer variety 26R41  245   515 A  458 BC 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.45 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in December. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  402   324 BCDE‡  430 BCD 
PROGENY P 117  .   461 AB  410 BCDE 
Seed Consultants 1321  .   361 ABCDE  412 BCDE 
Seed Consultants 1342  .   467 ABC  502 AB 
Southern States 8340  .   326 BCDE  363 DE 
Southern States 8412  .   427 ABC  491 AB 
Southern States 8700  .   222 E  371 BCDE 
STEYER HUNKER  .   .   414 BCDE 
STEYER PIERSON  .   390 ABC  454 BC 
SYNGENTA SY 483  .   363 ABCDE  369 BCDE 
Terral TV8525  .   358 ABCDE  377 BCDE 
Terral TV8848  .   393 ABC  333 E 
Terral TV8861  .   328 BCDE  481 AB 
Truman  .   404 ABC  433 BCD 
USG 3251  .   331 BCDE  377 BCDE 
USG 3438  .   435 ABC  449 BCD 
USG 3612  .   366 ABCDE  399 BCDE 
USG 3993   .     353 BCDE   418 BCD 
P-value  -   0.0275   0.0033  
  323   398   429  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.46 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in December. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  
Princeton 
2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  .   82 CDEF‡  76  
AgriMAXX 413  .   153 ABC  .  
AgriMAXX 415  .   34 F  107  
ARMOR HAVOC  .   93 ABCDEF  66  
ARMOR OCTANE  .   88 BCDEF  86  
ARMOR RAMPAGE  .   102 ABCDEF  88  
ARMOR VANDAL  .   120 ABCDEF  68  
BECK 113  .   54 F  76  
BECK 120  .   87 BCDEF  70  
BECK 129  .   93 BCDEF  90  
Bess  .   90 BCDEF  133  
Clark  .   58 F  101  
Delta Grow 7200  .   88 BCDEF  88  
Delta Grow 9700  .   73 DEF  95  
Dyna-Gro 9042  .   91 ABCDEF  89  
Dyna-Gro 9171  .   137 ABCD  101  
Dyna-Gro 9223  .   89 BCDEF  107  
Dyna-Gro 9343  .   78 CDEF  70  
Equity Brand Sienna  .   85 BCDEF  57  
KAS 5058  .   115 ABCDEF  99  
KAS S1200  .   85 CDEF  70  
KY03C-1237-05  .   195 A  74  
KY03C-1237-12  .   92 ABCDEF  93  
Pembroke 2008  .   91 BCDEF  75  
Pembroke 2014  .   116 ABCDEF  80  
Pembroke 2016  .   164 AB  79  
Pioneer variety 25R32  .   137 ABCD  88  
Pioneer variety 25R40  .   76 DEF  69  
Pioneer variety 25R78  .   138 ABCD  90  
Pioneer variety 26R10  .   .   56  
Pioneer variety 26R20  .   78 CDEF  84  
Pioneer variety 26R41  115   90 BCDEF  81  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.46 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in December. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar   
Princeton 
2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  251   39 F‡  90  
PROGENY P 117  .   127 ABCDE  102  
Seed Consultants 1321  .   123 ABCDEF  90  
Seed Consultants 1342  .   91 ABCDEF  39  
Southern States 8340  .   133 ABCDE  93  
Southern States 8412  .   66 EF  88  
Southern States 8700  .   37 F  134  
STEYER HUNKER  .   .   79  
STEYER PIERSON  .   76 DEF  83  
SYNGENTA SY 483  .   109 ABCDEF  85  
Terral TV8525  .   78 CDEF  102  
Terral TV8848  .   136 ABCD  107  
Terral TV8861  .   59 F  93  
Truman  .   97 ABCDEF  74  
USG 3251  .   92 ABCDEF  67  
USG 3438  .   88 BCDEF  102  
USG 3612  .   96 ABCDEF  72  
USG 3993   .     115 ABCDEF   83   
P-value  -   0.0405   0.7826  
Mean  183   96   85  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.47 Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in December. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,783 A‡  1,545 ABCD  1,546 DEFG 
AgriMAXX 413  1,626 ABCDE  1,382 CDE  .  
AgriMAXX 415  1,510 ABCDEFGH 1,545 ABCD  1,605 BCDEFG 
ARMOR HAVOC  1,666 ABCD  1,436 BCD  1,741 A 
ARMOR OCTANE  1,072 JK  1,545 ABC  1,533 EFG 
ARMOR RAMPAGE  1,427 CDEFGH  1,384 CDE  1,547 DEFG 
ARMOR VANDAL  1,595 ABCDE  1,486 BCD  1,650 ABCD 
BECK 113  1,492 BCDEFGH 1,700 A  1,677 ABC 
BECK 120  1,749 ABC  1,489 BCD  1,479 GH 
BECK 129  1,511 ABCDEFG 1,579 AB  1,531 EFG 
Bess  1,514 ABCDEFG 1,236 EF  1,531 EFG 
Clark  1,718 ABC  1,532 ABCD  1,576 CDEFG 
Delta Grow 7200  1,319 GHI  1,545 ABC  1,561 DEFG 
Delta Grow 9700  1,347 EFGHI  1,493 BCD  1,636 ABCDE 
Dyna-Gro 9042  1,361 EFGHI  1,334 DEF  1,487 GH 
Dyna-Gro 9171  1,677 ABC  1,462 BCD  1,577 CDEFG 
Dyna-Gro 9223  1,403 DEFGH  1,544 ABC  1,691 AB 
Dyna-Gro 9343  1,432 CDEFGH  1,533 ABCD  1,622 ABCDEF 
Equity Brand Sienna  1,038 JK  1,527 ABCD  1,547 DEFG 
KAS 5058  1,332 FGHI  1,434 BCD  1,606 BCDEFG 
KAS S1200  1,718 ABC  1,505 ABCD  1,534 EFG 
KY03C-1237-05  1,248 HIJ  1,257 EF  1,532 EFG 
KY03C-1237-12  1,367 EFGHI  1,595 AB  1,454 GH 
Pembroke 2008  1,333 FGHI  1,334 DEF  1,561 DEFG 
Pembroke 2014  1,588 ABCDEF  1,556 AB  1,281 J 
Pembroke 2016  1,459 CDEFGH  1,448 BCD  1,719 A 
Pioneer variety 25R32  1,459 CDEFGH  1,257 EF  1,489 GH 
Pioneer variety 25R40  1,375 EFGHI  1,481 BCD  1,636 ABCDE 
Pioneer variety 25R78  1,718 ABC  1,425 BCD  1,270 J 
Pioneer variety 26R10  1,570 ABCDEFG .   1,419 HI 
Pioneer variety 26R20  1,138 IJK  1,533 ABCD  1,704 AB 
Pioneer variety 26R41  1,767 AB  1,384 CDE  1,606 BCDEFG 
Pioneer variety 26R53  1,319 GHI  1,728 A  1,517 FGH 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.47 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for 
three field trials when planted in December. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,718 ABC‡  1,485 BCD  1,576 CDEFG 
Seed Consultants 1321  1,682 ABC  1,645 AB  1,516 FGH 
Seed Consultants 1342  1,436 CDEFGH  1,334 DEF  1,433 GHI 
Southern States 8340  1,520 ABCDEFG  1,639 AB  1,423 HI 
Southern States 8412  1,502 BCDEFGH 1,556 AB  1,502 GH 
Southern States 8700  1,378 EFGHI  1,509 ABCD  1,517 FGH 
STEYER HUNKER  1,668 ABC  .   1,423 HI 
STEYER PIERSON  1,347 EFGHI  1,481 BCD  1,705 AB 
SYNGENTA SY 483  1,473 BCDEFGH 1,384 CDE  1,607 ABCDEFG 
Terral TV8525  1,783 AB  1,456 BCD  1,561 DEFG 
Terral TV8848  1,563 ABCDEFG 1,198 F  1,685 ABC 
Terral TV8861  940 K  1,667 A  1,312 IJ 
Truman  1,072 JK  1,493 BCD  1,517 FGH 
USG 3251  1,651 ABCD  1,595 AB  1,678 ABC 
USG 3438  1,759 ABC  1,545 ABC  1,562 DEFG 
USG 3612  1,632 ABCDE  1,425 BCD  1,547 DEFG 
USG 3993   1,543 ABCDEFG 1,219 EF   1,634 ABCDE 
P-value  <.0001   <.0001   <.0001  
Mean  1486   1476   1552  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.48 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in January. 
    GDD† Date of Planting to Emergence 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  338 F‡  256   316 EFGHIJ 
AgriMAXX 413  453 CDEF  283   455 ABC 
AgriMAXX 415  547 ABCDE  341   319 DEFGHIJ 
ARMOR HAVOC  481 CDEF  291   273 HIJ 
ARMOR OCTANE  338 F  269   296 FGHIJ 
ARMOR RAMPAGE  338 F  304   393 BCDEFG 
ARMOR VANDAL  338 F  291   417 ABCDE 
BECK 113  338 F  307   279 HIJ 
BECK 120  338 F  255   322 DEFGHIJ 
BECK 129  338 F  289   292 GHIJ 
Bess  338 F  302   319 DEFGHIJ 
Clark  338 F  284   329 DEFGHIJ 
Delta Grow 7200  506 CDEF  291   367 CDEFGH 
Delta Grow 9700  338 F  293   276 HIJ 
Dyna-Gro 9042  338 F  381   251 J 
Dyna-Gro 9171  338 F  255   279 HIJ 
Dyna-Gro 9223  338 F  287   263 IJ 
Dyna-Gro 9343  506 CDEF  306   283 HIJ 
Equity Brand Sienna  394 DEF  316   296 FGHIJ 
KAS 5058  338 F  302   286 HIJ 
KAS S1200  366 EF  304   306 EFGHIJ 
KY03C-1237-05  593 ABC  276   302 EFGHIJ 
KY03C-1237-12  394 DEF  275   426 ABCD 
Pembroke 2008  394 DEF  256   251 J 
Pembroke 2014  366 EF  256   351 CDEFGHI 
Pembroke 2016  366 EF  256   263 IJ 
Pioneer variety 25R32  394 DEF  312   339 CDEFGHIJ 
Pioneer variety 25R40  506 CDEF  336   262 IJ 
Pioneer variety 25R78  338 F  307   392 BCDEF 
Pioneer variety 26R10  506 CDEF  284   349 CDEFGHI 
Pioneer variety 26R20  708 A  312   269 HIJ 
Pioneer variety 26R41  366 EF  292   296 FGHIJ 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.48 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in January. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  553 ABCD‡  307   329 DEFGHIJ 
PROGENY P 117  338 F  331   319 DEFGHIJ 
Seed Consultants 1321  338 F  340   316 EFGHIJ 
Seed Consultants 1342  338 F  382   501 AB 
Southern States 8340  506 CDEF  309   361 CDEFGH 
Southern States 8412  338 F  361   269 HIJ 
Southern States 8700  338 F  333   296 FGHIJ 
STEYER HUNKER  338 F  265   439 ABC 
STEYER PIERSON  511 BCDEF  275   507 A 
SYNGENTA SY 483  338 F  291   474 AB 
Terral TV8525  684 AB  276   312 EFGHIJ 
Terral TV8848  338 F  271   344 CDEFGHI 
Terral TV8861  .   291   355 CDEFGHI 
Truman  338 F  262   306 EFGHIJ 
USG 3251  338 F  287   296 FGHIJ 
USG 3438  366 EF  268   273 HIJ 
USG 3612  338 F  276   296 FGHIJ 
USG 3993   338 F   271     273 HIJ 
P-value  <.0001   0.0725   <.0001  
Mean  400   295   328  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.49 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,542 ABCDEF‡  631 EF  1,217 EFGHIJK 
AgriMAXX 413  1,464 ABCDEFGH 617 EF  1,246 DEFGHIJ 
AgriMAXX 415  1,349 ABCDEFGH 683 DEF  1,119 GHIJKL 
ARMOR HAVOC  1,662 ABCDE  674 DEF  1,001 L 
ARMOR OCTANE  1,449 ABCDEFGH 632 EF  1,175 FGHIJKL 
ARMOR RAMPAGE  1,307 BCDEFGH 601 EF  1,498 BC 
ARMOR VANDAL  1,232 DEFGH  688 DEF  1,422 BCDE 
BECK 113  1,417 ABCDEFGH 632 EF  1,114 GHIJKL 
BECK 120  1,232 DEFGH  618 EF  1,198 FGHIJK 
BECK 129  1,632 ABCDE  659 EF  1,156 FGHIJKL 
Bess  1,354 ABCDEFGH 661 EF  1,114 GHIJKL 
Clark  1,014 H  703 DEF  1,331 CDEF 
Delta Grow 7200  1,487 ABCDEFGH 703 DEF  1,274 DEFGH 
Delta Grow 9700  1,036 GH  1,035 ABC  1,156 FGHIJKL 
Dyna-Gro 9042  1,451 ABCDEFGH 1,311 A  1,191 FGHIJK 
Dyna-Gro 9171  1,531 ABCDEFG 632 EF  1,114 GHIJKL 
Dyna-Gro 9223  1,311 BCDEFGH 603 EF  1,078 IJKL 
Dyna-Gro 9343  1,665 ABCDE  719 DEF  1,134 GHIJKL 
Equity Brand Sienna  1,880 ABC  703 DEF  1,140 FGHIJKL 
KAS 5058  1,081 FGH  818 CDEF  1,160 FGHIJKL 
KAS S1200  1,479 ABCDEFGH 719 DEF  1,162 FGHIJKL 
KY03C-1237-05  1,434 ABCDEFGH 587 F  1,042 JKL 
KY03C-1237-12  1,904 AB  617 EF  1,217 EFGHIJK 
Pembroke 2008  1,690 ABCD  587 F  1,062 JKL 
Pembroke 2014  1,542 ABCDEF  595 EF  1,232 EFGHIJ 
Pembroke 2016  1,497 ABCDEFGH 617 EF  1,098 HIJKL 
Pioneer variety 25R32  1,686 ABCDE  860 BCDE  1,444 BCD 
Pioneer variety 25R40  1,924 AB‡  848 CDE  1,160 FGHIJKL 
Pioneer variety 25R78  1,036 GH  595 EF  1,254 DEFGHI 
Pioneer variety 26R10  1,778 ABC  750 DEF  1,140 FGHIJKL 
Pioneer variety 26R20  .   631 EF  1,118 GHIJKL 
Pioneer variety 26R41  1,698 ABCD  719 DEF  1,134 GHIJKL 
Pioneer variety 26R53  2,124 A  660 EF  1,160 FGHIJKL 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.49 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 3 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,103 EFGH‡  748 DEF  1,135 GHIJKL 
Seed Consultants 1321  1,954 AB  917 BCD  1,290 DEFGH 
Seed Consultants 1342  1,465 ABCDEFGH  1,141 AB  1,585 B 
Southern States 8340  1,092 FGH  748 DEF  1,274 DEFGH 
Southern States 8412  1,216 DEFGH  836 CDE  1,175 FGHIJKL 
Southern States 8700  1,250 DEFGH  849 CDE  1,175 FGHIJKL 
STEYER HUNKER  1,048 FGH  1,141 AB  1,262 DEFGHI 
STEYER PIERSON  2,023 AB  617 EF  1,300 CDEFG 
SYNGENTA SY 483  1,125 EFGH  647 EF  1,956 A 
Terral TV8525  2,050 AB  601 EF  1,232 EFGHIJ 
Terral TV8848  1,261 CDEFGH  632 EF  1,114 GHIJKL 
Terral TV8861  .   647 EF  1,254 EFGHIJ 
Truman  1,314 BCDEFGH 618 EF  1,254 DEFGHI 
USG 3251  1,726 ABCD  646 EF  1,098 HIJKL 
USG 3438  1,711 ABCD  595 EF  1,098 HIJKL 
USG 3612  1,522 ABCDEFG 705 DEF  1,196 FGHIJK 
USG 3993   1,317 ABCDEFGH 632 EF   1,037 KL 
P-value  0.0039   <.0001   <.0001  
Mean  1480   716   1210  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.50 Cumulative growing degree days (GDD) from the date of planting Feekes 5 
for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   1,903 ABCDE‡  1,932 CDEFG 
AgriMAXX 413  2,124   1,842 ABCDE  1,984 BCDEF 
AgriMAXX 415  2,124   1,921 ABCD  1,932 CDEFG 
ARMOR HAVOC  2,157   1,856 ABCDE  1,678 IJKL 
ARMOR OCTANE  2,189   1,771 DE  1,812 DEFGHIJK 
ARMOR RAMPAGE  1,944   1,771 DE  2,046 BC 
ARMOR VANDAL  1,857   1,771 DE  2,086 ABC 
BECK 113  2,124   1,772 DE  1,612 KL 
BECK 120  .   1,963 ABC  1,983 BCDEF 
BECK 129  .   1,771 DE  1,752 FGHIJKL 
Bess  .   1,879 ABCDE  1,912 CDEFGH 
Clark  .   1,809 BCDE  1,861 CDEFGHI 
Delta Grow 7200  .   1,940 ABCD  1,809 DEFGHIJK 
Delta Grow 9700  .   1,982 AB  1,655 IJKL 
Dyna-Gro 9042  .   2,024 A  1,719 GHIJKL 
Dyna-Gro 9171  .   1,827 BCDE  1,822 CDEFGHIJ 
Dyna-Gro 9223  .   1,842 ABCDE  1,654 IJKL 
Dyna-Gro 9343  2,050   1,772 DE  1,806 DEFGHIJK 
Equity Brand Sienna  2,124   1,903 ABCDE  1,786 EFGHIJK 
KAS 5058  2,124   1,987 AB  1,896 CDEFGH 
KAS S1200  .   1,903 ABCDE  1,722 GHIJKL 
KY03C-1237-05  .   1,748 DE  1,931 CDEFG 
KY03C-1237-12  2,124   1,833 BCDE  1,766 FGHIJKL 
Pembroke 2008  2,050   1,772 DE  1,678 IJKL 
Pembroke 2014  1,944   1,856 ABCDE  2,008 BCDE 
Pembroke 2016  1,944   1,833 BCDE  1,580 L 
Pioneer variety 25R32  2,124   1,963 ABC  2,021 BCD 
Pioneer variety 25R40  2,124   1,935 ABCD  1,953 CDEF 
Pioneer variety 25R78  .   1,690 E  1,976 BCDEF 
Pioneer variety 26R10  2,050   1,712 E  2,089 ABC 
Pioneer variety 26R20  2,189   1,772 DE  1,580 L 
Pioneer variety 26R41  .   1,808 BCDE  1,788 EFGHIJKL 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.50 (continued) Cumulative growing degree days (GDD) from the date of planting 
Feekes 5 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 5 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  .   1,982 AB‡  1,709 HIJKL 
PROGENY P 117  .   1,934 ABCD  1,822 CDEFGHIJ 
Seed Consultants 1321  2,124   1,963 ABC  1,956 CDEF 
Seed Consultants 1342  .   1,984 AB  2,008 BCDE 
Southern States 8340  1,944   1,785 CDE  2,185 AB 
Southern States 8412  .   2,012 AB  1,766 FGHIJKL 
Southern States 8700  .   1,927 ABCD  2,021 BCD 
STEYER HUNKER  1,944   1,866 ABCDE  1,912 CDEFGH 
STEYER PIERSON  1,944   1,771 DE  1,679 IJKL 
SYNGENTA SY 483  .   1,795 BCDE  2,133 ABC 
Terral TV8525  .   1,748 DE  2,008 BCDE 
Terral TV8848  .   1,856 ABCDE  1,822 CDEFGHIJ 
Terral TV8861  .   1,832 BCDE  2,350 A 
Truman  1,944   1,832 BCDE  1,932 CDEFG 
USG 3251  2,189   1,940 ABCD  1,708 HIJKL 
USG 3438  .   1,856 ABCDE  1,634 JKL 
USG 3612  1,944   1,940 ABCD  1,818 CDEFGHIJK 
USG 3993   1,950     1,761 DE   1,621 JKL 
P-value  0.1089   0.0255   <.0001  
Mean  2052   1858   1858  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.51 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,146 BCDEF‡  2,066 CDEFGH  2,133 CDEFGHI 
AgriMAXX 413  2,167 ABCDE  2,066 CDEFGH  2,344 BC 
AgriMAXX 415  2,206 ABCD  2,103 CDEFGH  2,065 DEFGHIJKLM 
ARMOR HAVOC  2,228 AB  2,024 DEFGH  2,030 FGHIJKLMNO 
ARMOR OCTANE  2,168 ABCDE  1,940 GH  2,084 DEFGHIJKL 
ARMOR RAMPAGE  2,016 GHI  2,024 DEFGH  2,225 BCDE 
ARMOR VANDAL  1,901 JI  1,977 FGH  2,270 BCD 
BECK 113  2,124 BCDEFG  2,024 DEFGH  1,892 MNO 
BECK 120  2,124 BCDEFG  2,126 CDEF  2,203 CDEF 
BECK 129  2,146 BCDEF  1,963 FGH  2,040 FGHIJKLMN 
Bess  1,902 JI  2,126 CDEF  2,175 CDEFG 
Clark  2,146 BCDEF  1,987 EFGH  2,116 CDEFGHIJK 
Delta Grow 7200  2,124 BCDEFG  2,084 CDEFGH  2,131 CDEFGHIJ 
Delta Grow 9700  2,124 BCDEFG  2,424 AB  1,955 JKLMNO 
Dyna-Gro 9042  2,124 BCDEFG  2,427 A  2,130 CDEFGHIJ 
Dyna-Gro 9171  2,124 BCDEFG  2,047 CDEFGH  2,123 CDEFGHIJ 
Dyna-Gro 9223  2,064 EFGH  2,084 CDEFGH  1,990 HIJKLMNO 
Dyna-Gro 9343  2,108 CDEFGH  2,000 EFGH  2,002 GHIJKLMNO 
Equity Brand Sienna  2,212 ABC  2,084 CDEFGH  2,002 GHIJKLMNO 
KAS 5058  2,184 ABCD  2,126 CDEF  2,065 DEFGHIJKLM 
KAS S1200  2,146 BCDEF  2,084 CDEFGH  2,078 DEFGHIJKL 
KY03C-1237-05  2,124 BCDEFG  2,000 EFGH  2,179 CDEFG 
KY03C-1237-12  2,146 BCDEF  2,042 CDEFGH  2,046 EFGHIJKLMN 
Pembroke 2008  2,087 DEFGH  1,977 FGH  2,021 FGHIJKLMNO 
Pembroke 2014  2,121 BCDEFG  2,108 CDEFG  2,232 BCD 
Pembroke 2016  2,039 FGH  2,042 CDEFGH  1,883 NO 
Pioneer variety 25R32  2,212 ABC  2,230 BC  2,179 CDEFG 
Pioneer variety 25R40  2,167 ABCDE  2,179 CDE  2,165 CDEFGH 
Pioneer variety 25R78  2,099 CDEFGH  2,012 DEFGH  2,209 CDEF 
Pioneer variety 26R10  2,124 BCDEFGH 1,903 H  2,330 BC 
Pioneer variety 26R20  2,191 ABCD 1,987 EFGH  1,868 O 
Pioneer variety 26R41  2,124 BCDEFG 2,042 CDEFGH  2,084 CDEFGHIJKL 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.51 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  2,124 BCDEFG‡  2,126 CDEF  1,986 IJKLMNO 
PROGENY P 117  1,761 K  2,126 CDEF  2,065 DEFGHIJKLM 
Seed Consultants 1321  2,280 A  2,144 CDEF  2,180 CDEFG 
Seed Consultants 1342  2,146 BCDEF  2,103 CDEFGH  2,197 BCDEF 
Southern States 8340  2,124 BCDEFG  2,000 EFGH  2,403 AB 
Southern States 8412  1,886 J  2,126 CDEF  2,021 FGHIJKLMNO 
Southern States 8700  2,157 ABCDEF  2,107 CDEFG  2,164 CDEFGH 
STEYER HUNKER  2,124 BCDEFG  1,984 EFGH  2,060 DEFGHIJKLM 
STEYER PIERSON  2,064 EFGH  2,019 DEFGH  1,930 LMNO 
SYNGENTA SY 483  2,124 BCDEFG  2,061 CDEFGH  2,344 ABC 
Terral TV8525  2,191 ABCDE  2,024 DEFGH  2,164 CDEFGH 
Terral TV8848  2,124 BCDEFG  2,042 CDEFGH  2,012 FGHIJKLMNO 
Terral TV8861  .   2,024 DEFGH  2,625 A 
Truman  2,034 FGHI  2,066 CDEFGH  2,086 CDEFGHIJKL 
USG 3251  2,184 ABCD  2,066 CDEFGH  2,028 FGHIJKLMNO 
USG 3438  2,233 AB  2,212 CD  1,945 KLMNO 
USG 3612  1,986 JHI  2,144 CDEF  2,033 FGHIJKLMNO 
USG 3993   2,039 FGH   2,060 CDEFGH   1,933 LMNO 
P-value  <.0001   0.0014   <.0001  
Mean  2112   2075   2108  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.52 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,358 IJ‡  2,775   2,565  
AgriMAXX 413  .   2,699   2,780  
AgriMAXX 415  .   2,775   2,431  
ARMOR HAVOC  .   2,707   2,418  
ARMOR OCTANE  3,283 BCD  2,514   2,444  
ARMOR RAMPAGE  2,333 IJ  2,570   2,514  
ARMOR VANDAL  2,405 IJ  2,600   2,581  
BECK 113  .   2,602   2,171  
BECK 120  .   2,751   2,576  
BECK 129  2,777 EFG  2,529   2,373  
Bess  2,189 IJK  2,758   2,596  
Clark  .   2,560   2,554  
Delta Grow 7200  .   2,797   2,569  
Delta Grow 9700  .   2,934   2,330  
Dyna-Gro 9042  .   4,167   2,612  
Dyna-Gro 9171  .   2,690   2,418  
Dyna-Gro 9223  2,777 FGH  2,668   2,273  
Dyna-Gro 9343  2,358 IJ  2,638   2,373  
Equity Brand Sienna  6,000 A  2,661   2,373  
KAS 5058  3,100 CDE  2,707   2,486  
KAS S1200  2,608 GH  2,699   2,403  
KY03C-1237-05  2,821 EFG  2,699   2,613  
KY03C-1237-12  3,026 CDEF  2,758   2,403  
Pembroke 2008  .   2,610   2,403  
Pembroke 2014  .   2,668   2,603  
Pembroke 2016  2,483 HI  2,690   2,188  
Pioneer variety 25R32  3,466 B  2,818   2,528  
Pioneer variety 25R40  3,100 CDE  3,743   2,521  
Pioneer variety 25R78  .   2,874   2,641  
Pioneer variety 26R10  .   2,496   2,853  
Pioneer variety 26R20  .   2,628   2,189  
Pioneer variety 26R41  2,862 FG  2,707   2,433  
Pioneer variety 26R53  .   2,737   2,448  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.52 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,096 K‡  2,720   2,506  
Seed Consultants 1321  2,799 FG  2,818   1,903  
Seed Consultants 1342  2,960 DEF  2,672   2,562  
Southern States 8340  2,358 IJK  2,560   2,815  
Southern States 8412  2,223 JK  2,818   2,493  
Southern States 8700  .   3,850   2,539  
STEYER HUNKER  2,777 FGH  2,570   2,552  
STEYER PIERSON  3,321 BC  2,707   2,286  
SYNGENTA SY 483  3,321 BC  2,690   2,841  
Terral TV8525  3,178 BCD  2,572   2,521  
Terral TV8848  2,904 DEFG  2,668   2,317  
Terral TV8861  .   2,598   3,064  
Truman  2,777 FGH  2,600   2,493  
USG 3251  2,777 FGH  2,668   2,463  
USG 3438  2,904 EFG  2,758   2,476  
USG 3612  2,526 HI  2,820   2,389  
USG 3993   .     2,690     2,330   
P-value  <.0001   0.0718   0.1961  
Mean  2866   2760   2484  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.53 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  .   3,055   3,053 CDEFGHI‡ 
AgriMAXX 413  .   3,015   3,220 BCD 
AgriMAXX 415  .   3,186   2,761 LMNOPQR 
ARMOR HAVOC  .   2,965   2,774 KLMNOPQR 
ARMOR OCTANE  .   2,775   2,921 EFGHIJKLMNO 
ARMOR RAMPAGE  .   2,988   3,028 CDEFGHIJ 
ARMOR VANDAL  .   2,912   3,068 CDEFGHIJ 
BECK 113  .   2,944   2,603 QR 
BECK 120  .   3,140   2,946 DEFGHIJKLM 
BECK 129  .   2,818   2,841 HIJKLMNOP 
Bess  .   3,005   3,069 CDEFGH 
Clark  .   2,829   2,964 CDEFGHIJKL 
Delta Grow 7200  .   3,109   3,005 CDEFGHIJ 
Delta Grow 9700  .   3,389   2,751 LMNOPQR 
Dyna-Gro 9042  4,004   4,382   3,102 CDEF 
Dyna-Gro 9171  .   2,946   2,937 EFGHIJKLM 
Dyna-Gro 9223  .   2,929   2,691 PQR 
Dyna-Gro 9343  .   2,929   2,801 JKLMNOPQR 
Equity Brand Sienna  6,000   2,988   2,828 IJKLMNOP 
KAS 5058  3,512   3,015   2,762 LMNOPQR 
KAS S1200  .   3,041   2,814 JKLMNOPQ 
KY03C-1237-05  .   2,965   3,072 CDEFG 
KY03C-1237-12  .   3,140   2,841 HIJKLMNOP 
Pembroke 2008  .   2,797   2,829 IJKLMNOP 
Pembroke 2014  .   2,939   3,111 CDEF 
Pembroke 2016  .   3,110   2,603 QR 
Pioneer variety 25R32  .   3,255   2,934 EFGHIJKLMN 
Pioneer variety 25R40  .   3,969   2,987 CDEFGHIJK 
Pioneer variety 25R78  3,512   3,191   3,139 CDE 
Pioneer variety 26R10  .   2,750   3,435 AB 
Pioneer variety 26R20  3,100   2,917   2,590 R 
Pioneer variety 26R41  .   2,979   2,895 FGHIJKLMNOP 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.53 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes to 10.5.1 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  .   3,016   3,067 CDEFGH‡ 
PROGENY P 117  .   3,016   2,936 EFGHIJKLM 
Seed Consultants 1321  .   3,082   3,080 CDEFG 
Seed Consultants 1342  .   2,922   3,118 CDEF 
Southern States 8340  .   2,855   3,280 BC 
Southern States 8412  .   3,041   2,935 EFGHIJKLM 
Southern States 8700  .   3,969   2,854 GHIJKLMNOP 
STEYER HUNKER  .   2,775   2,774 KLMNOPQR 
STEYER PIERSON  .   2,944   2,713 NOPQR 
SYNGENTA SY 483  3,653   3,073   3,294 ABC 
Terral TV8525  .   2,797   2,961 CDEFGHIJKL 
Terral TV8848  .   2,957   2,698 OPQR 
Terral TV8861  .   2,873   3,613 A 
Truman  .   2,894   3,013 CDEFGHIJ 
USG 3251  .   2,931   2,813 JKLMNOPQ 
USG 3438  .   3,100   3,015 CDEFGHIJ 
USG 3612  2,777   3,207   2,801 JKLMNOPQR 
USG 3993   2,904     3,029     2,734 MNOPQR 
P-value  -   0.0673   <.0001  
Mean  3,683   3,057   2,941  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.54 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  2,944 KLM‡  3,150   3,122 CDEFG 
AgriMAXX 413  3,632 BCDEF  3,136   3,296 BCD 
AgriMAXX 415  3,516 CDEFG  3,313   2,829 IJKLMNO 
ARMOR HAVOC  3,336 EFGHIJK  3,123   2,868 HIJKLMN 
ARMOR OCTANE  3,969 B  2,886   2,995 EFGHIJK 
ARMOR RAMPAGE  2,944 KLM  3,109   3,129 CDEFG 
ARMOR VANDAL  3,010 IJKLM  3,095   3,169 CDEFG 
BECK 113  3,701 BCDEF  3,113   2,704 MNO 
BECK 120  3,481 CDEFG  3,233   3,053 CDEFGHI 
BECK 129  3,337 EFGHIJK  2,939   2,949 FGHIJKL 
Bess  2,861 LMN  3,141   3,189 CDEF 
Clark  3,311 EFGHIJK  3,002   3,092 CDEFGH 
Delta Grow 7200  3,480 CDEFG  3,279   3,103 CDEFG 
Delta Grow 9700  3,321 EFGHIJK  3,168   2,829 IJKLMNO 
Dyna-Gro 9042  3,733 BCDE  4,436   3,186 CDEF 
Dyna-Gro 9171  3,466 CDEFGH  3,074   3,013 EFGHIJ 
Dyna-Gro 9223  3,321 EFGHIJK  3,100   2,737 LMNO 
Dyna-Gro 9343  3,188 GHIJKL  3,100   2,909 GHIJKLM 
Equity Brand Sienna  5,335 A  3,194   2,936 GHIJKL 
KAS 5058  3,839 BC  3,180   2,961 FGHIJK 
KAS S1200  3,319 EFGHIJK  3,164   2,922 GHIJKLM 
KY03C-1237-05  3,480 CDEFG  3,096   3,201 CDEF 
KY03C-1237-12  3,447 CDEFGH  3,233   2,949 FGHIJKL 
Pembroke 2008  2,944 KLM  2,989   2,921 GHIJKLM 
Pembroke 2014  3,051 HIJKLM  3,042   3,208 CDE 
Pembroke 2016  3,101 GHIJKLM 3,009   2,687 NO 
Pioneer variety 25R32  3,721 BCDEF  3,369   2,998 EFGHIJK 
Pioneer variety 25R40  3,392 DEFGHI  4,033   3,094 CDEFGH 
Pioneer variety 25R78  3,194 GHIJKL  3,277   3,222 CDE 
Pioneer variety 26R10  3,100 GHIJKLM 2,826   3,544 AB 
Pioneer variety 26R20  3,071 GHIJKLM 3,046   2,648 O 
Pioneer variety 26R41  3,337 EFGHIJK  3,109   3,001 EFGHIJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.54 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes to 10.5.3 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  3,246 FGHIJKL‡  3,159   3,144 CDEFG 
PROGENY P 117  2,553 N  3,207   3,014 DEFGHIJ 
Seed Consultants 1321  3,359 EFGHIJ  3,219   3,191 CDEF 
Seed Consultants 1342  3,496 CDEFG  3,130   3,187 CDEF 
Southern States 8340  3,286 FGHIJK  2,975   3,374 BC 
Southern States 8412  2,735 MN  3,279   3,040 DEFGHIJ 
Southern States 8700  3,051 HIJKLM  4,100   2,949 FGHIJKL 
STEYER HUNKER  3,418 CDEFGHI 2,970   2,868 HIJKLMN 
STEYER PIERSON  3,379 EFGHIJ  3,069   2,780 KLMNO 
SYNGENTA SY 483  3,817 BCD  3,165   3,389 ABC 
Terral TV8525  3,112 GHIJKLM 2,912   3,067 CDEFGH 
Terral TV8848  3,175 GHIJKL  3,113   2,787 KLMNO 
Terral TV8861  .   2,980   3,694 A 
Truman  3,321 EFGHIJK  3,029   3,100 CDEFG 
USG 3251  3,466 CDEFGH  3,056   2,924 GHIJKLM 
USG 3438  3,321 EFGHIJK  3,205   3,089 CDEFGH 
USG 3612  2,968 JKLM  3,329   2,896 GHIJKLMN 
USG 3993   3,319 EFGHIJK   3,153     2,813 JKLMNO 
P-value  <.0001   0.0869   <.0001  
  3345   3180   3035  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
170 
 
Table 3.55 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,390 E‡  4,361   4,378  
AgriMAXX 413  4,422 DE  4,361   4,378  
AgriMAXX 415  4,390 E  4,907   4,378  
ARMOR HAVOC  4,390 E  4,361   4,378  
ARMOR OCTANE  4,621 B  4,361   4,378  
ARMOR RAMPAGE  4,390 E  4,361   4,378  
ARMOR VANDAL  4,390 E  4,361   4,378  
BECK 113  4,467 DE  4,361   4,378  
BECK 120  4,390 E  4,361   4,378  
BECK 129  4,390 E  4,361   4,378  
Bess  4,390 E  4,361   4,378  
Clark  4,390 E  4,361   4,378  
Delta Grow 7200  4,390 E  4,361   4,378  
Delta Grow 9700  4,390 E  4,361   4,378  
Dyna-Gro 9042  4,499 CD  4,907   4,378  
Dyna-Gro 9171  4,422 DE  4,361   4,378  
Dyna-Gro 9223  4,390 E  4,361   4,378  
Dyna-Gro 9343  4,390 E  4,361   4,378  
Equity Brand Sienna  6,000 A  4,361   4,378  
KAS 5058  4,576 BC  4,361   4,378  
KAS S1200  4,422 DE  4,361   4,378  
KY03C-1237-05  4,390 E  4,361   4,378  
KY03C-1237-12  4,390 E  4,361   4,378  
Pembroke 2008  4,390 E  4,361   4,378  
Pembroke 2014  4,390 E  4,361   4,378  
Pembroke 2016  4,390 E  4,361   4,378  
Pioneer variety 25R32  4,499 CD  4,361   4,378  
Pioneer variety 25R40  4,608 B  4,907   4,378  
Pioneer variety 25R78  4,422 DE  4,361   4,378  
Pioneer variety 26R10  4,390 E  4,361   4,378  
Pioneer variety 26R20  4,390 E  4,361   4,378  
Pioneer variety 26R41  4,390 E  4,361   4,378  
Pioneer variety 26R53  4,390 E  4,361   4,378  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.55 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in January. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  4,390 E‡  4,361   4,378  
Seed Consultants 1321  4,390 E  4,361   4,378  
Seed Consultants 1342  4,390 E  4,361   4,378  
Southern States 8340  4,390 E  4,361   4,378  
Southern States 8412  4,390 E  4,361   4,378  
Southern States 8700  4,390 E  4,907   4,378  
STEYER HUNKER  4,390 E  4,361   4,378  
STEYER PIERSON  4,467 DE  4,361   4,378  
SYNGENTA SY 483  4,422 DE  4,361   4,378  
Terral TV8525  4,438 DE  4,361   4,378  
Terral TV8848  4,390 E  4,361   4,378  
Terral TV8861  .   4,361   4,378  
Truman  4,390 E  4,361   4,378  
USG 3251  4,390 E  4,361   4,378  
USG 3438  4,390 E  4,361   4,378  
USG 3612  4,390 E  4,361   4,378  
USG 3993   4,390 E   4,361     4,378   
P-value  <.0001   0.6384     
Mean  4448   4404   4378  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.56 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in January. 
    GDD† Emergence to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,204 ABCDE‡  375 DEFGH  900 DEFGH 
AgriMAXX 413  1,011 ABCDEF  333 EFGH  791 EFGHI 
AgriMAXX 415  802 DEF  347 DEFGH  800 EFGHI 
ARMOR HAVOC  1,181 ABCDE  383 DEFGH  728 I 
ARMOR OCTANE  1,111 ABCDE  363 DEFGH  879 DEFGHI 
ARMOR RAMPAGE  969 BCDEF  298 GH  1,105 BC 
ARMOR VANDAL  894 CDEF  398 DEFGH  1,005 BCDE 
BECK 113  1,079 ABCDE  325 FGH  835 DEFGHI 
BECK 120  894 CDEF  353 DEFGH  876 DEFGHI 
BECK 129  1,294 ABCDE  371 DEFGH  864 DEFGHI 
Bess  1,016 ABCDEF  359 DEFGH  795 EFGHI 
Clark  676 EF  419 DEFGH  1,002 BCD 
Delta Grow 7200  898 CDEF  412 DEFGH  907 DEFGH 
Delta Grow 9700  698 EF  742 ABC  880 DEFGHI 
Dyna-Gro 9042  1,113 ABCDE  915 A  940 BCDEF 
Dyna-Gro 9171  1,193 ABCDE  377 DEFGH  835 DEFGHI 
Dyna-Gro 9223  973 CDEF  316 FGH  814 DEFGHI 
Dyna-Gro 9343  1,117 ABCDE  413 DEFGH  851 DEFGHI 
Equity Brand Sienna  1,500 ABCD  387 DEFGH  844 DEFGHI 
KAS 5058  743 EF  516 DEF  874 DEFGHI 
KAS S1200  1,141 ABCDEF  415 DEFGH  856 DEFGHI 
KY03C-1237-05  841 EF  312 FGH  740 HI 
KY03C-1237-12  1,509 ABC  342 EFGH  791 EFGHI 
Pembroke 2008  1,310 ABCDE  332 EFGH  811 DEFGHI 
Pembroke 2014  1,176 ABCDE  340 DEFGH  881 DEFGHI 
Pembroke 2016  1,131 ABCDE  361 DEFGH  835 DEFGHI 
Pioneer variety 25R32  1,292 ABCDE  583 BCDE  1,105 B 
Pioneer variety 25R40  1,544 AB  511 CDEF  898 DEFGH 
Pioneer variety 25R78  698 EF  272 H  863 DEFGHI 
Pioneer variety 26R10  1,272 ABCDE  466 DEFGH  791 EFGHI 
Pioneer variety 26R20  .   319 FGH  849 DEFGHI 
Pioneer variety 26R41  1,332 ABCDE  427 DEFGH  838 DEFGHI 
Pioneer variety 26R53  .   353 DEFGH  831 DEFGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.56 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in January. 
    GDD† Emergence to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  765 EF‡  417 DEFGH  816 DEFGHI 
Seed Consultants 1321  1,616 A  577 BCD  973 BCDE 
Seed Consultants 1342  1,127 ABCDE  775 AB  1,008 BCD 
Southern States 8340  586 F  439 DEFGH  912 CDEFG 
Southern States 8412  878 CDEF  475 DEFG  906 DEFGH 
Southern States 8700  912 CDEF  516 BCDEF  879 DEFGHI 
STEYER HUNKER  710 EF  988 A  823 DEFGHI 
STEYER PIERSON  1,512 ABC  342 EFGH  793 EFGHI 
SYNGENTA SY 483  787 EF  357 DEFGH  1,442 A 
Terral TV8525  1,367 ABCDE  326 FGH  920 BCDEFG 
Terral TV8848  923 CDEF  362 DEFGH  770 FGHI 
Terral TV8861  .   357 DEFGH  899 DEFGHI 
Truman  976 ABCDEF  356 DEFGH  948 BCDE 
USG 3251  1,388 ABCDE  359 DEFGH  802 EFGHI 
USG 3438  1,345 ABCDE  310 FGH  825 DEFGHI 
USG 3612  1,184 ABCDE  429 DEFGH  900 DEFGH 
USG 3993   979 ABCDEF   362 DEFGH   764 GHI 
P-value  0.0224   0.0004   0.0027  
Mean  1078   424   880  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.57 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in January. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  .   1,272   716 CDEFGHIJK‡ 
AgriMAXX 413  430   1,226   738 BCDEFGHIJK 
AgriMAXX 415  505   1,239   813 BCDEF 
ARMOR HAVOC  203   1,182   677 DEFGHIJKL 
ARMOR OCTANE  786   1,139   636 FGHIJKLMN 
ARMOR RAMPAGE  793   1,170   548 KLMNOP 
ARMOR VANDAL  646   1,083   665 DEFGHIJKLMN 
BECK 113  1,110   1,140   499 LMNOP 
BECK 120  .   1,551   785 BCDEFGH 
BECK 129  .   1,112   596 GHIJKLMNO 
Bess  .   1,218   799 BCDEFG 
Clark  .   1,106   531 KLMNOP 
Delta Grow 7200  .   1,237   535 KLMNOP 
Delta Grow 9700  .   947   499 LMNOP 
Dyna-Gro 9042  .   1,150   528 KLMNOP 
Dyna-Gro 9171  .   1,195   709 CDEFGHIJK 
Dyna-Gro 9223  .   1,240   576 JKLMNO 
Dyna-Gro 9343  2,050   1,054   672 DEFGHIJKL 
Equity Brand Sienna  871   1,200   646 EFGHIJKLMN 
KAS 5058  1,046   1,169   736 BCDEFGHIJK 
KAS S1200  .   1,184   560 KLMNO 
KY03C-1237-05  .   1,160   890 ABCD 
KY03C-1237-12  221   1,216   550 KLMNO 
Pembroke 2008  2,050   1,185   616 FGHIJKLMNO 
Pembroke 2014  793   1,459   776 BCDEFGHI 
Pembroke 2016  930   1,216   482 MNOP 
Pioneer variety 25R32  267   1,390   577 KLMNO 
Pioneer variety 25R40  180   1,088   793 BCDEFGH 
Pioneer variety 25R78  .   1,095   722 CDEFGHIJK 
Pioneer variety 26R10  193   962   949 AB 
Pioneer variety 26R20  2,189   1,141   461 NOP 
Pioneer variety 26R41  .   1,090   654 EFGHIJKLMN 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.57 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in January. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  .   1,322   550 KLMNO‡ 
PROGENY P 117  .   1,187   687 DEFGHIJKL 
Seed Consultants 1321  267   1,047   667 DEFGHIJKLM 
Seed Consultants 1342  .   843   424 OP 
Southern States 8340  930   1,038   912 ABC 
Southern States 8412  .   1,288   591 HIJKLMNO 
Southern States 8700  .   1,078   846 BCDE 
STEYER HUNKER  930   806   650 EFGHIJKLMN 
STEYER PIERSON  87   1,155   380 P 
SYNGENTA SY 483  .   1,148   177 Q 
Terral TV8525  .   1,147   776 BCDEFGHIJ 
Terral TV8848  .   1,224   709 CDEFGHIJK 
Terral TV8861  .   1,185   1,096 A 
Truman  325   1,214   678 DEFGHIJKL 
USG 3251  139   1,294   610 GHIJKLMNO 
USG 3438  .   1,459   536 KLMNO 
USG 3612  87   1,235   622 FGHIJKLMN 
USG 3993   1,073     1,143     584 IJKLMNO 
P-value  0.7038   0.5544   <.0001  
Mean  735   1172   648  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.58 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in January. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   163   201  
AgriMAXX 413  65   224   361  
AgriMAXX 415  65   181   133  
ARMOR HAVOC  124   168   353  
ARMOR OCTANE  68   168   273  
ARMOR RAMPAGE  216   253   179  
ARMOR VANDAL  87   205   184  
BECK 113  .   252   280  
BECK 120  .   162   220  
BECK 129  .   192   288  
Bess  .   247   263  
Clark  .   178   255  
Delta Grow 7200  .   145   322  
Delta Grow 9700  .   442   300  
Dyna-Gro 9042  .   404   411  
Dyna-Gro 9171  .   220   301  
Dyna-Gro 9223  .   241   336  
Dyna-Gro 9343  207   228   196  
Equity Brand Sienna  88   181   216  
KAS 5058  180   139   170  
KAS S1200  .   181   356  
KY03C-1237-05  .   253   248  
KY03C-1237-12  65   210   280  
Pembroke 2008  74   205   344  
Pembroke 2014  106   252   224  
Pembroke 2016  180   210   303  
Pioneer variety 25R32  65   267   158  
Pioneer variety 25R40  65   244   213  
Pioneer variety 25R78  .   323   234  
Pioneer variety 26R10  74   191   241  
Pioneer variety 26R20  68   215   288  
Pioneer variety 26R41  .   234   297  
Pioneer variety 26R53  .   144   277  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.58 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in January. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  .   191   243  
Seed Consultants 1321  65   181   224  
Seed Consultants 1342  .   237   189  
Southern States 8340  180   215   218  
Southern States 8412  .   63   255  
Southern States 8700  .   181   143  
STEYER HUNKER  180   237   148  
STEYER PIERSON  180   247   251  
SYNGENTA SY 483  .   266   211  
Terral TV8525  .   276   156  
Terral TV8848  .   187   190  
Terral TV8861  .   192   275  
Truman  .   234   154  
USG 3251  115   126   320  
USG 3438  .   356   311  
USG 3612  106   204   215  
USG 3993   89     216     312   
P-value  0.2153   0.5259   0.1303  
Mean  113   219   250  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.59 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in January. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  201 F‡  709   432 ABCDE 
AgriMAXX 413  .   633   436 ABCDE 
AgriMAXX 415  .   673   366 CDEFGHI 
ARMOR HAVOC  .   683   388 CDEFG 
ARMOR OCTANE  1,093 AB  574   360 CDEFGHI 
ARMOR RAMPAGE  317 EF  546   289 HI 
ARMOR VANDAL  414 DEF  623   311 EFGHI 
BECK 113  .   578   279 I 
BECK 120  .   625   373 CDEFGHI 
BECK 129  653 ABCD  566   333 DEFGHI 
Bess  332 CDEF  633   421 ABCDE 
Clark  .   573   438 ABCDE 
Delta Grow 7200  .   712   439 ABCDE 
Delta Grow 9700  .   510   375 CDEFGHI 
Dyna-Gro 9042  .   894   482 ABC 
Dyna-Gro 9171  .   643   295 GHI 
Dyna-Gro 9223  653 BCDE  585   283 HI 
Dyna-Gro 9343  414 DEF  638   371 CDEFGHI 
Equity Brand Sienna  .   576   371 CDEFGHI 
KAS 5058  796 ABCD  581   421 ABCDE 
KAS S1200  484 BCDE  615   326 EFGHI 
KY03C-1237-05  697 ABCD  699   434 ABCDE 
KY03C-1237-12  837 ABC  716   357 CDEFGHI 
Pembroke 2008  .   633   382 CDEFGH 
Pembroke 2014  .   561   371 CDEFGHI 
Pembroke 2016  396 CDEF  648   305 FGHI 
Pioneer variety 25R32  1,277 A  588   349 CDEFGHI 
Pioneer variety 25R40  911 AB  631   355 CDEFGHI 
Pioneer variety 25R78  .   862   432 ABCDE 
Pioneer variety 26R10  .   593   523 AB 
Pioneer variety 26R20  .   641   321 EFGHI 
Pioneer variety 26R41  738 BCD  664   348 CDEFGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.59 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three 
field trials when planted in January. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  .   612   462 ABC 
PROGENY P 117  335 EF‡  595   441 ABCD 
Seed Consultants 1321  642 BCD  674   442 ABCDE 
Seed Consultants 1342  836 ABCD  570   365 CDEFGHI 
Southern States 8340  234 EF  560   412 ABCDE 
Southern States 8412  366 DEF  692   471 ABC 
Southern States 8700  .   728   375 CDEFGHI 
STEYER HUNKER  653 BCDE  585   492 ABC 
STEYER PIERSON  1,197 A  688   356 CDEFGHI 
SYNGENTA SY 483  1,197 A  629   497 ABC 
Terral TV8525  921 AB  548   357 CDEFGHI 
Terral TV8848  780 ABCD  626   305 FGHI 
Terral TV8861  .   574   440 ABCDE 
Truman  .   534   407 BCDEF 
USG 3251  653 BCDE  603   436 ABCDE 
USG 3438  452 CDEF  547   531 A 
USG 3612  476 CDEF  676   357 CDEFGHI 
USG 3993   .     630     398 BCDEF 
P-value  0.0098   0.1364   0.0002  
Mean  653   629   390  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.60 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in January. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412     280   489 ABCDEFGH‡ 
AgriMAXX 413     316   439 BCDEFGHIJK 
AgriMAXX 415     253   330 KL 
ARMOR HAVOC     259   356 IJKL 
ARMOR OCTANE     262   477 ABCDEFGHI 
ARMOR RAMPAGE     419   514 ABCDEFG 
ARMOR VANDAL     312   487 ABCDEFGHIJ 
BECK 113     342   432 BCDEFGHIJK 
BECK 120     389   370 HIJK 
BECK 129     289   468 ABCDEFGHIJ 
Bess     247   473 ABCDEFGHIJ 
Clark     269   410 DEFGHIJK 
Delta Grow 7200     313   436 BCDEFGHIJK 
Delta Grow 9700     456   421 CDEFGHIJK 
Dyna-Gro 9042     323   490 ABCDEFGH 
Dyna-Gro 9171     256   520 ABCDEF 
Dyna-Gro 9223     261   419 CDEFGHIJK 
Dyna-Gro 9343     291   428 BCDEFGHIJK 
Equity Brand Sienna     328   455 ABCDEFGHIJ 
KAS 5058     308   276 LM 
KAS S1200     343   411 DEFGHIJK 
KY03C-1237-05     267   459 ABCDEFGHIJ 
KY03C-1237-12     381   438 BCDEFGHIJK 
Pembroke 2008     187   426 BCDEFGHIJK 
Pembroke 2014     270   508 ABCDEFG 
Pembroke 2016     420   415 CDEFGHIJK 
Pioneer variety 25R32     437   406 DEFGHIJK 
Pioneer variety 25R40     339   467 ABCDEFGHIJ 
Pioneer variety 25R78     317   499 ABCDEFGH 
Pioneer variety 26R10     253   582 AB 
Pioneer variety 26R20     289   401 FGHIJK 
Pioneer variety 26R41     272   463 ABCDEFGHIJ 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.60 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in January. 
    GDD† Feekes 9 to Feekes to 10.5.1 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53     278   619 A‡ 
PROGENY P 117     296   430 BCDEFGHIJK 
Seed Consultants 1321     264   459 ABCDEFGHIJ 
Seed Consultants 1342     249   557 ABC 
Southern States 8340     296   466 ABCDEFGHIJ 
Southern States 8412     223   442 BCDEFGHIJK 
Southern States 8700     179   315 KLM 
STEYER HUNKER     206   222 M 
STEYER PIERSON     237   428 BCDEFGHIJK 
SYNGENTA SY 483  333   383   453 ABCDEFGHIJK 
Terral TV8525     225   440 BCDEFGHIJK 
Terral TV8848     289   382 GHIJK 
Terral TV8861     275   549 ABCD 
Truman     294   520 ABCDEF 
USG 3251     262   350 JKL 
USG 3438     341   539 ABCDE 
USG 3612     388   411 DEFGHIJK 
USG 3993         339     403 EFGHIJK 
P-value  -   0.1341   <.0001  
Mean  333   299   443  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
182 
 
Table 3.61 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in January. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   95   69  
AgriMAXX 413  .   121   76  
AgriMAXX 415  .   127   68  
ARMOR HAVOC  .   157   94  
ARMOR OCTANE  .   111   74  
ARMOR RAMPAGE  .   121   101  
ARMOR VANDAL  .   183   101  
BECK 113  .   170   101  
BECK 120  .   93   107  
BECK 129  .   121   108  
Bess  .   135   119  
Clark  .   173   128  
Delta Grow 7200  .   170   99  
Delta Grow 9700  .   82   78  
Dyna-Gro 9042  76   80   85  
Dyna-Gro 9171  .   128   76  
Dyna-Gro 9223  .   171   45  
Dyna-Gro 9343  .   171   109  
Equity Brand Sienna  .   206   107  
KAS 5058  142   165   199  
KAS S1200  .   122   108  
KY03C-1237-05  .   131   129  
KY03C-1237-12  .   93   107  
Pembroke 2008  .   192   92  
Pembroke 2014  .   103   97  
Pembroke 2016  .   95   84  
Pioneer variety 25R32  .   171   64  
Pioneer variety 25R40  .   96   106  
Pioneer variety 25R78  142   173   83  
Pioneer variety 26R10  .   76   109  
Pioneer variety 26R20  .   129   59  
Pioneer variety 26R41  .   130   106  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.61 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in January. 
    GDD† Feekes to 10.5.1 to Feekes 10.5.3 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  .   143   77  
PROGENY P 117  .   191   79  
Seed Consultants 1321  .   137   110  
Seed Consultants 1342  .   208   69  
Southern States 8340  .   120   93  
Southern States 8412  .   237   105  
Southern States 8700  .   196   96  
STEYER HUNKER  .   195   94  
STEYER PIERSON  .   126   67  
SYNGENTA SY 483  206   92   95  
Terral TV8525  .   116   106  
Terral TV8848  .   156   88  
Terral TV8861  .   107   81  
Truman  .   135   87  
USG 3251  .   125   111  
USG 3438  .   106   74  
USG 3612  250   122   95  
USG 3993   197     124     79   
P-value  -   0.3710   0.0959  
  168   138   94  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.62 Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in January. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,446 ABCD‡  1,211 BCDEFG  1,256 FGHIJKL 
AgriMAXX 413  791 IJKL  1,225 BCDEFG  1,082 JKLM 
AgriMAXX 415  874 HIJKL  1,211 BCDEFG  1,549 ABCDEF 
ARMOR HAVOC  1,054 DEFGHIJ  1,238 ABCDEFG 1,510 BCDEFG 
ARMOR OCTANE  652 KL  1,475 AB  1,383 CDEFGHIJK 
ARMOR RAMPAGE  1,446 ABCD  1,252 ABCDEF  1,249 FGHIJKL 
ARMOR VANDAL  1,380 ABCDE  1,266 ABCDEF  1,209 FGHIJKL 
BECK 113  766 IJKL  1,247 ABCDEFG 1,674 ABCD 
BECK 120  909 GHIJK  1,128 DEFG  1,325 EFGHIJK 
BECK 129  1,054 DEFGHIJ  1,422 ABC  1,429 BCDEFGHIJK 
Bess  1,529 ABC  1,220 BCDEFG  1,190 GHIJKL 
Clark  1,079 DEFGHIJ  1,359 ABCD  1,286 EFGHIJKL 
Delta Grow 7200  910 GHIJKL  1,082 EFG  1,275 EFGHIJKL 
Delta Grow 9700  1,069 DEFGHIJ  1,193 BCDEFG  1,549 ABCDEF 
Dyna-Gro 9042  766 JKL  707 H  1,192 GHIJKL 
Dyna-Gro 9171  956 FGHIJ  1,287 ABCDEF  1,365 CDEFGHIJK 
Dyna-Gro 9223  1,070 DEFGHIJ  1,261 ABCDEF  1,891 A 
Dyna-Gro 9343  1,202 CDEFGH  1,261 ABCDEF  1,469 BCDEFGHI 
Equity Brand Sienna  .   1,167 CDEFG  1,442 BCDEFGHIJ 
KAS 5058  737 JKL  1,181 BCDEFG  1,417 BCDEFGHIJK 
KAS S1200  1,103 DEFGHI  1,197 BCDEFG  1,456 BCDEFGHI 
KY03C-1237-05  910 GHIJKL  1,265 ABCDEF  1,216 GHIJKL 
KY03C-1237-12  943 GHIJ  1,128 DEFG  1,430 BCDEFGHIJK 
Pembroke 2008  1,446 ABCD  1,372 ABCD  1,458 BCDEFGHI 
Pembroke 2014  1,339 ABCDEF‡  1,319 ABCDE  1,170 HIJKL 
Pembroke 2016  1,289 BCDEFG  1,352 ABCDE  1,691 ABC 
Pioneer variety 25R32  778 IJKL  992 G  1,380 CDEFGHIJK 
Pioneer variety 25R40  1,216 CDEFGH  1,311 ABCDEF  1,284 EFGHIJKL 
Pioneer variety 25R78  1,228 CDEFGH  1,083 DEFG  1,156 IJKL 
Pioneer variety 26R10  1,290 BCDEFG  1,535 A  834 M 
Pioneer variety 26R20  1,320 BCDEFG  1,314 ABCDE  1,730 AB 
Pioneer variety 26R41  1,054 DEFGHIJ  1,252 ABCDEF  1,377 CDEFGHIJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.62 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in January. 
    GDD† Feekes to 10.5.3 to 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  1,144 CDEFGHI‡ 1,202 BCDEFG  1,234 FGHIJKL 
PROGENY P 117  1,837 A  1,153 CDEFG  1,364 CDEFGHIJK 
Seed Consultants 1321  1,031 EFGHIJ  1,142 DEFG  1,187 HIJKL 
Seed Consultants 1342  894 GHIJKL  1,231 ABCDEFG 1,191 GHIJKL 
Southern States 8340  1,104 DEFGHI  1,385 ABCD  1,005 LM 
Southern States 8412  1,655 AB  1,082 EFG  1,338 DEFGHIJK 
Southern States 8700  1,339 ABCDEF  1,211 BCDEFG  1,429 BCDEFGHIJK 
STEYER HUNKER  972 FGHIJ  1,391 ABCD  1,510 BCDEFG 
STEYER PIERSON  1,088 DEFGHIJ  1,291 ABCDEF  1,598 ABCDE 
SYNGENTA SY 483  606 L  1,196 BCDEFG  990 KLM 
Terral TV8525  1,326 ABCDEFG 1,449 AB  1,311 EFGHIJK 
Terral TV8848  1,215 BCDEFGH 1,247 ABCDEFG 1,592 ABCDE 
Terral TV8861  .   1,381 ABCD  684 N 
Truman  1,069 DEFGHIJ  1,331 ABCDE  1,278 EFGHIJKL 
USG 3251  925 GHIJK  1,305 ABCDEF  1,455 BCDEFGHI 
USG 3438  1,069 DEFGHIJ  1,156 CDEFG  1,289 EFGHIJKL 
USG 3612  1,423 ABCDE  1,032 FG  1,482 BCDEFGH 
USG 3993   1,072 DEFGHIJ   1,208 BCDEFG   1,565 ABCDEF 
P-value  <.0001   0.0049   <.0001  
Mean  1,112   1,238   1,349  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.63 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in February. 
    GDD† Date of Planting to Emergence 
Cultivar  Princeton 2016   Princeton 2017   
Lexington 
2017 
AgriMAXX 412  440 ABC‡  270 DE  422  
AgriMAXX 413  527 A  270 DE  410  
AgriMAXX 415  527 A  270 DE  314  
ARMOR HAVOC  527 A  243 E  330  
ARMOR OCTANE  396 ABC  270 DE  375  
ARMOR RAMPAGE  353 ABC  270 DE  366  
ARMOR VANDAL  527 A  243 E  494  
BECK 113  440 ABC  270 DE  366  
BECK 120  353 ABC  270 DE  535  
BECK 129  464 AB  270 DE  423  
Bess  353 ABC  270 DE  349  
Clark  353 ABC  270 DE  510  
Delta Grow 7200  527 A  243 E  424  
Delta Grow 9700  353 ABC  243 E  335  
Dyna-Gro 9042  440 ABC  415 A  334  
Dyna-Gro 9171  353 ABC  243 E  312  
Dyna-Gro 9223  527 A  270 DE  356  
Dyna-Gro 9343  527 A  243 E  381  
Equity Brand Sienna  440 ABC  270 DE  414  
KAS 5058  266 BC  279 DE  396  
KAS S1200  440 ABC  270 DE  394  
KY03C-1237-05  527 A  270 DE  375  
KY03C-1237-12  527 A  243 E  336  
Pembroke 2008  527 A  243 E  396  
Pembroke 2014  527 A  270 DE  501  
Pembroke 2016  527 A  243 E  400  
Pioneer variety 25R32  527 A  345 ABC  416  
Pioneer variety 25R40  527 A  270 DE  420  
Pioneer variety 25R78  353 ABC  243 E  377  
Pioneer variety 26R10  440 ABC  325 BCD  410  
Pioneer variety 26R20  527 A  270 DE  332  
Pioneer variety 26R41  440 ABC  243 E  326  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.63 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in February. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  527 A‡  243 E  406  
PROGENY P 117  266 BC  243 E  343  
Seed Consultants 1321  353 ABC  297 CDE  418  
Seed Consultants 1342  440 ABC  370 AB  409  
Southern States 8340  527 A  243 E  343  
Southern States 8412  353 ABC  243 E  418  
Southern States 8700  266 C  243 E  410  
STEYER HUNKER  440 ABC  243 DE  455  
STEYER PIERSON  527 A  270 DE  533  
SYNGENTA SY 483  353 ABC  270 DE  492  
Terral TV8525  527 A  270 DE  302  
Terral TV8848  440 ABC  270 DE  308  
Terral TV8861  600 A  243 E  381  
Truman  266 C  297 CDE  435  
USG 3251  440 ABC  270 DE  373  
USG 3438  440 ABC  243 E  377  
USG 3612  527 A  243 E  422  
USG 3993   353 ABC   243 E   322   
P-value  0.0182   0.0019   0.5889  
  444   267   393  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.64 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,310 EFG‡  779 ABC  1,452 AB 
AgriMAXX 413  1,887 ABC  739 BCD  1,534 A 
AgriMAXX 415  1,315 ABCDEFG 739 BCD  1,193 ABCDEF 
ARMOR HAVOC  1,331 EFG  657 CD  1,004 F 
ARMOR OCTANE  1,306 EFG  759 BCD  1,236 ABCDEF 
ARMOR RAMPAGE  1,101 G  657 CD  1,380 ABC 
ARMOR VANDAL  1,257 EFG  677 CD  1,252 ABCDEF 
BECK 113  1,539 ABCDEF  657 CD  1,154 CDEF 
BECK 120  1,603 ABCDE  678 CD  1,363 ABCD 
BECK 129  1,315 DEFG  637 D  1,225 ABCDEF 
Bess  1,155 EFG  739 BCD  1,027 F 
Clark  983 G  657 CD  1,380 ABC 
Delta Grow 7200  1,674 ABCDE  739 BCD  1,340 ABCDE 
Delta Grow 9700  1,257 EFG  697 CD  1,118 CDEF 
Dyna-Gro 9042  1,652 ABCDE  860 AB  1,195 ABCDEF 
Dyna-Gro 9171  1,626 ABCDE  758 BCD  1,187 BCDEF 
Dyna-Gro 9223  1,139 FG  759 BCD  1,074 EF 
Dyna-Gro 9343  1,401 DEFG  779 ABC  1,193 ABCDEF 
Equity Brand Sienna  1,998 A  678 CD  1,141 CDEF 
KAS 5058  1,150 FG  758 BCD  1,162 CDEF 
KAS S1200  1,462 BCDEFG  698 CD  1,096 EF 
KY03C-1237-05  1,894 AB  758 BCD  1,112 CDEF 
KY03C-1237-12  1,675 ABCDE  637 D  1,042 F 
Pembroke 2008  1,551 ABCDEF  637 D  1,134 CDEF 
Pembroke 2014  1,306 EFG  657 CD  1,489 A 
Pembroke 2016  1,203 EFG  760 BCD  1,086 EF 
Pioneer variety 25R32  1,575 ABCDEF  789 ABC  1,383 ABCD 
Pioneer variety 25R40  1,780 ABCD  719 CD  1,246 ABCDEF 
Pioneer variety 25R78  994 G  637 D  1,112 CDEF 
Pioneer variety 26R10  1,385 DEFG  637 CD  1,222 ABCDEF 
Pioneer variety 26R20  2,116 A  657 CD  1,310 ABCDE 
Pioneer variety 26R41  1,150 FG  739 BCD  1,089 EF 
Pioneer variety 26R53  1,796 ABCD  760 ABCD  1,193 ABCDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.64 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 3 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,150 FG‡  657 CD  1,163 CDEF 
Seed Consultants 1321  1,314 EFG  800 ABC  1,177 CDEF 
Seed Consultants 1342  1,229 EFG  901 A  1,534 A 
Southern States 8340  1,336 EFG  738 BCD  1,246 ABCDEF 
Southern States 8412  1,259 EFG  738 BCD  1,074 EF 
Southern States 8700  1,014 G  697 CD  1,284 ABCDEF 
STEYER HUNKER  1,306 EFG  862 AB  1,587 A 
STEYER PIERSON  1,923 ABCD  678 CD  1,574 A 
SYNGENTA SY 483  1,352 DEFG  677 CD  1,592 A 
Terral TV8525  1,903 AB  698 CD  1,138 CDEF 
Terral TV8848  1,359 DEFG  678 CD  1,116 DEF 
Terral TV8861  1,747 ABCDE  719 CD  1,086 EF 
Truman  1,101 G  739 BCD  1,215 ABCDEF 
USG 3251  1,470 CDEFG  637 D  1,178 BCDEF 
USG 3438  1,401 DEFG  718 CD  1,124 CDEF 
USG 3612  1,306 EFG  818 ABC  1,378 ABCD 
USG 3993   1,413 DEFG   718 CD   1,026 F 
P-value  <.0001   0.0037   0.0001  
Mean  1,429   719   1,232  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.65 Cumulative growing degree days (GDD) from the date of planting to Feekes 5 
for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,943   1,657 BCDEF‡  2,163 ABCDEF 
AgriMAXX 413  3,127   1,524 EFGHI  2,534 A 
AgriMAXX 415  2,836   1,585 BCDEFGH 2,192 ABCDEF 
ARMOR HAVOC  2,605   1,440 HI  1,754 I 
ARMOR OCTANE  2,536   1,561 DEFGHI  2,126 BCDEF 
ARMOR RAMPAGE  2,727   1,440 HI  2,334 ABC 
ARMOR VANDAL  2,752   1,542 EFGHI  2,175 ABCDEF 
BECK 113  2,471   1,561 DEFGHI  1,791 HI 
BECK 120  2,536   1,579 CDEFGH  2,473 A 
BECK 129  2,943   1,403 I  2,126 BCDEF 
Bess  2,943   1,561 DEFGHI  1,944 FGHI 
Clark  2,752   1,403 I  2,163 ABCDEF 
Delta Grow 7200  2,696   1,621 BCDEFG  2,254 ABCDE 
Delta Grow 9700  2,586   1,440 HI  1,935 FGHI 
Dyna-Gro 9042  2,849   1,676 BCDE  1,902 FGHI 
Dyna-Gro 9171  2,560   1,767 AB  2,156 ABCDEF 
Dyna-Gro 9223  2,943   1,603 BCDEFGH 2,225 ABCDEF 
Dyna-Gro 9343  2,943   1,524 EFGHI  2,205 ABCDEF 
Equity Brand Sienna  3,165   1,737 BCD  2,061 CDEFGH 
KAS 5058  2,825   1,579 CDEFGH  2,246 ABCDE 
KAS S1200  2,560   1,621 BCDEFG  1,998 DEFGHI 
KY03C-1237-05  2,943   1,542 EFGHI  2,157 ABCDEF 
KY03C-1237-12  2,943   1,500 FGHI  1,998 DEFGHI 
Pembroke 2008  .   1,477 GHI  2,125 BCDEF 
Pembroke 2014  2,982   1,500 FGHI  2,412 AB 
Pembroke 2016  2,766   1,500 FGHI  2,087 CDEF 
Pioneer variety 25R32  2,943   1,612 BCDEFGH 2,239 ABCDE 
Pioneer variety 25R40  2,753   1,537 EFGHI  2,277 ABCD 
Pioneer variety 25R78  2,268   1,403 I  2,225 ABCDEF 
Pioneer variety 26R10  2,662   1,521 EFGHI  2,236 ABCDE 
Pioneer variety 26R20  3,201   1,218 J  1,970 EFGHI 
Pioneer variety 26R41  2,662   1,477 GHI  2,103 CDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.65 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 5 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 5 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  3,053   1,612 BCDEFGH‡  2,001 DEFGHI 
PROGENY P 117  1,840   1,440 HI  2,256 ABCDE 
Seed Consultants 1321  2,727   1,603 BCDEFGH  2,072 CDEFG 
Seed Consultants 1342  2,943   1,603 BCDEFGH  .  
Southern States 8340  2,446   1,500 FGHI  2,401 AB 
Southern States 8412  1,930   1,626 BCDEFG  2,019 DEFGH 
Southern States 8700  3,053   1,403 I  2,334 ABC 
STEYER HUNKER  2,943   1,736 BCD  2,256 ABCDE 
STEYER PIERSON  2,943   1,440 HI  1,982 DEFGHI 
SYNGENTA SY 483  2,656   1,640 BCDEFG  2,256 ABCDEF 
Terral TV8525  2,943   1,477 GHI  2,308 ABC 
Terral TV8848  2,439   1,500 FGHI  2,106 CDEF 
Terral TV8861  2,943   1,561 DEFGHI  2,360 ABC 
Truman  2,943   1,621 BCDEFG  2,167 ABCDEF 
USG 3251  3,153   1,561 DEFGHI  1,925 FGHI 
USG 3438  2,752   1,579 CDEFGH  1,906 FGHI 
USG 3612  2,560   1,759 BC  2,308 ABC 
USG 3993   2,662     1,946 A   1,817 GHI 
P-value  0.0588   <.0001   <.0001  
  2,762   1,554   2,144  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.66 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  6,000 A‡  1,946 DE  .  
AgriMAXX 413  6,000 A  1,819 E  5,389 ABC 
AgriMAXX 415  3,355 ABCD  1,791 E  .  
ARMOR HAVOC  4,074 ABCD  1,645 E  2,865 DEFG 
ARMOR OCTANE  5,200 A  1,687 E  3,496 CDEF 
ARMOR RAMPAGE  3,355 ABCD  1,621 E  6,000 AB 
ARMOR VANDAL  .   1,814 E  .  
BECK 113  4,799 AB  1,710 E  2,064 G 
BECK 120  4,962 A  1,718 E  6,000 AB 
BECK 129  .   1,585 E  .  
Bess  3,599 ABCD  1,814 E  2,256 FG 
Clark  4,677 ABC  1,585 E  .  
Delta Grow 7200  .   2,109 CDE  4,641 ABCD 
Delta Grow 9700  6,000 A  1,687 E  2,256 FG 
Dyna-Gro 9042  4,748 ABC  3,299 BC  4,346 BCDE 
Dyna-Gro 9171  6,000 A  2,303 BCDE  .  
Dyna-Gro 9223  .   1,842 DE  .  
Dyna-Gro 9343  .   1,846 DE  .  
Equity Brand Sienna  5,117 A  1,974 DE  .  
KAS 5058  5,282 A  2,147 CDE  .  
KAS S1200  6,000 A  2,119 CDE  .  
KY03C-1237-05  6,000 A  1,795 E  6,000 A 
KY03C-1237-12  3,496 ABCD  1,645 E  2,534 EFG 
Pembroke 2008  2,100 CD  1,612 E  6,000 AB 
Pembroke 2014  2,201 BCD  1,621 E  .  
Pembroke 2016  4,050 ABCD  1,640 E  2,754 EFG 
Pioneer variety 25R32  6,000 A  2,065 CDE  6,000 AB 
Pioneer variety 25R40  6,000 A  1,687 E  6,000 AB 
Pioneer variety 25R78  .   1,585 E  2,691 EFG 
Pioneer variety 26R10  3,355 ABCD  1,831 DE  5,132 ABC 
Pioneer variety 26R20  6,000 A  1,585 E  2,267 FG 
Pioneer variety 26R41  3,847 ABCD  1,626 E  .  
Pioneer variety 26R53  6,000 A  1,757 E  3,145 DEFG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.66 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  1,918 D‡  2,024 DE  6,000 AB 
Seed Consultants 1321  6,000 A  3,445 B  .  
Seed Consultants 1342  3,355 ABCD  1,866 DE  6,000 ABC 
Southern States 8340  6,000 A  1,645 E  6,000 A 
Southern States 8412  1,989 D  1,873 DE  2,865 DEFG 
Southern States 8700  2,147 BCD  1,603 E  .  
STEYER HUNKER  6,000 A  2,015 DE  .  
STEYER PIERSON  4,799 AB  1,585 E  2,146 G 
SYNGENTA SY 483  .   1,977 DE  6,000 ABC 
Terral TV8525  4,233 ABCD  1,645 E  6,000 AB 
Terral TV8848  2,201 BCD  1,645 E  2,094 FG 
Terral TV8861  3,702 ABCD  2,095 CDE  .  
Truman  6,000 A  1,911 DE  6,000 ABC 
USG 3251  4,655 ABC  1,741 E  6,000 ABC 
USG 3438  6,000 A  1,814 E  2,840 DEFG 
USG 3612  2,124 CD  3,140 BCD  .  
USG 3993   4,748 ABC   4,702 A   3,283 DEFG 
P-value  0.0037   0.0014   <.0001  
Mean  4,514   1,945   4,283  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.67 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,748 ABCDE‡  5,556 A  4,264 ABCDEFG 
AgriMAXX 413  5,282 ABC  3,429 BCD  6,000 A 
AgriMAXX 415  3,812 ABCDEF  3,223 BCD  3,301 GHI 
ARMOR HAVOC  4,924 ABCD  4,868 AB  3,472 FGHI 
ARMOR OCTANE  6,000 A  5,387 A  4,039 CDEFG 
ARMOR RAMPAGE  3,454 ABCDEF  4,326 ABCD  6,000 A 
ARMOR VANDAL  3,355 ABCDEF  3,177 BCD  4,223 BCDEFG 
BECK 113  4,851 ABCD  5,245 A  2,336 J 
BECK 120  5,003 ABCD  5,245 A  6,000 A 
BECK 129  3,897 ABCDEF  4,422 ABCD  4,236 BCDEFG 
Bess  3,578 ABCDEF  4,612 ABC  3,995 CDEFG 
Clark  5,103 ABCD  3,402 BCD  4,223 BCDEFG 
Delta Grow 7200  3,672 ABCDEF  3,794 ABCD  4,748 ABCDEF 
Delta Grow 9700  4,748 ABCDE  6,000 A  3,458 FGHI 
Dyna-Gro 9042  6,000 A  6,000 A  5,499 AB 
Dyna-Gro 9171  6,000 A  6,000 A  4,353 BCDEFG 
Dyna-Gro 9223  3,702 ABCDEF  5,556 A  3,685 FG 
Dyna-Gro 9343  3,790 ABCDEF  3,531 ABCD  4,647 ABCDEF 
Equity Brand Sienna  5,411 AB  6,000 A  4,134 CDEFG 
KAS 5058  6,000 A  6,000 A  4,111 CDEFG 
KAS S1200  6,000 A  3,684 ABCD  4,106 BCDEFG 
KY03C-1237-05  4,501 ABCDE  5,284 A  5,212 ABC 
KY03C-1237-12  4,233 ABCDEF  4,744 AB  4,264 BCDEFG 
Pembroke 2008  2,664 EF  3,129 BCD  5,165 ABCDE 
Pembroke 2014  .   3,416 BCD  3,996 CDEFG 
Pembroke 2016  6,000 A  6,000 A  3,300 GHI 
Pioneer variety 25R32  6,000 A  6,000 A  6,000 A 
Pioneer variety 25R40  5,232 ABCD  6,000 A  6,000 A 
Pioneer variety 25R78  3,309 BCDEF  5,080 AB  3,832 FG 
Pioneer variety 26R10  3,309 BCDEF  3,030 CD  5,116 ABCD 
Pioneer variety 26R20  6,000 A  3,649 ABCD  2,686 HIJ 
Pioneer variety 26R41  3,309 BCDEF  3,667 ABCD  3,929 EFG 
Pioneer variety 26R53  6,000 A  2,753 D  3,829 FG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.67 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  2,642 F‡  3,378 BCD  4,687 ABCDEF 
Seed Consultants 1321  5,308 AB  6,000 A  3,880 DEFG 
Seed Consultants 1342  3,710 ABCDEF  4,437 ABCD  6,000 AB 
Southern States 8340  4,962 ABCD  3,094 CD  5,421 AB 
Southern States 8412  3,021 DEF  5,387 A  3,576 FGH 
Southern States 8700  3,021 DEF  3,571 ABCD  3,838 EFG 
STEYER HUNKER  5,232 ABCD  4,323 ABCD  4,496 ABCDEFG 
STEYER PIERSON  6,000 A  6,000 A  2,558 IJ 
SYNGENTA SY 483  3,702 ABCDEF  6,000 A  6,000 AB 
Terral TV8525  4,748 ABCDE  4,723 AB  6,000 A 
Terral TV8848  .   6,000 A  3,491 FGHI 
Terral TV8861  3,923 ABCDEF  4,220 ABCD  4,517 ABCDEF 
Truman  4,315 ABCDEF  5,387 A  4,800 ABCDEF 
USG 3251  4,576 ABCDE  5,177 AB  4,649 ABCDEF 
USG 3438  6,000 A  5,177 AB  3,340 FGHI 
USG 3612  3,164 CDEF  6,000 A  3,704 FG 
USG 3993   6,000 A   5,387 A   3,496 FGHI 
P-value  0.0014   <.0001   <.0001  
Mean  4,588   4,729   4,372  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.68 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  5,003 ABC‡  6,000 A  4,380 ABCDEFG 
AgriMAXX 413  6,000 A  .   6,000 A 
AgriMAXX 415  5,003 ABC  3,517 DEF  3,798 FGHI 
ARMOR HAVOC  6,000 A  6,000 AB  3,934 EFGHI 
ARMOR OCTANE  6,000 A  6,000 A  4,407 ABCDEFG 
ARMOR RAMPAGE  .   5,080 ABC  6,000 A 
ARMOR VANDAL  .   3,612 CDEF  4,316 ABCDEFGH 
BECK 113  6,000 A  6,000 A  2,708 J 
BECK 120  5,552 AB  6,000 A  6,000 A 
BECK 129  6,000 A  4,926 ABCD  5,350 AB 
Bess  .   4,744 ABCDE  4,680 ABCDEFG 
Clark  6,000 A  3,543 DEF  4,701 ABCDEFG 
Delta Grow 7200  .   .   4,909 ABCDEF 
Delta Grow 9700  6,000 AB  4,323 BCDEF  4,107 CDEFGHI 
Dyna-Gro 9042  6,000 A  6,000 A  6,000 A 
Dyna-Gro 9171  6,000 A  6,000 A  5,053 ABCD 
Dyna-Gro 9223  .   6,000 A  4,222 BCDEFGHI 
Dyna-Gro 9343  .   4,202 BCDEF  4,694 ABCDEFG 
Equity Brand Sienna  6,000 A  6,000 A  4,459 ABCDEFG 
KAS 5058  6,000 A  6,000 AB  5,061 ABCDE 
KAS S1200  6,000 A  3,869 BCDEF  4,545 ABCDEFG 
KY03C-1237-05  6,000 A  5,479 AB  5,531 A 
KY03C-1237-12  6,000 A  4,868 ABCD  4,311 ABCDEFGH 
Pembroke 2008  .   3,733 CDEF  6,000 A 
Pembroke 2014  .   3,519 DEF  5,084 ABCD 
Pembroke 2016  6,000 A  6,000 A  3,594 GHI 
Pioneer variety 25R32  6,000 A  6,000 A  6,000 A 
Pioneer variety 25R40  6,000 A  6,000 A  5,499 A 
Pioneer variety 25R78  .   5,035 ABC  4,191 BCDEFGHI 
Pioneer variety 26R10  .   3,304 EF  6,000 A 
Pioneer variety 26R20  6,000 A  4,080 BCDEF  3,220 HIJ 
Pioneer variety 26R41  4,007 CD  3,852 BCDEF  4,474 ABCDEFG 
Pioneer variety 26R53  6,000 A  3,080 F  4,241 BCDEFGHI 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.68 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  .   3,736 BCDEF‡  5,098 ABC 
Seed Consultants 1321  6,000 A  6,000 A  4,337 ABCDEFG 
Seed Consultants 1342  6,000 AB  6,000 AB  6,000 A 
Southern States 8340  6,000 AB  3,467 DEF  5,499 A 
Southern States 8412  .   5,556 AB  4,337 ABCDEFG 
Southern States 8700  .   3,737 BCDEF  4,264 ABCDEFGHI 
STEYER HUNKER  6,000 A  3,835 CDEF  4,647 ABCDEFG 
STEYER PIERSON  6,000 A  6,000 A  3,055 IJ 
SYNGENTA SY 483  .   6,000 A  6,000 A 
Terral TV8525  4,888 BC  4,811 ABCD  5,455 A 
Terral TV8848  .   6,000 A  3,934 FGHI 
Terral TV8861  .   4,658 ABCDEF  6,000 A 
Truman  6,000 A  5,512 AB  5,020 ABCDE 
USG 3251  6,000 A  6,000 A  4,952 ABCDE 
USG 3438  6,000 A  5,208 AB  4,048 DEFGHI 
USG 3612  3,847 D  6,000 A  4,687 ABCDEFG 
USG 3993   6,000 A   5,447 AB   4,119 CDEFGHI 
P-value  0.0245   <.0001   <.0001  
Mean  5,774   5,015   4,778  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
198 
 
Table 3.69 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  4,822 ABC‡  5,722 AB  4,508 BCDEFGHI 
AgriMAXX 413  5,411 AB  4,161 ABCDE  6,000 A 
AgriMAXX 415  4,719 ABC  3,660 DE  3,938 HIJK 
ARMOR HAVOC  4,963 ABC  4,774 ABCD  4,032 HIJ 
ARMOR OCTANE  5,552 AB  5,447 AB  4,498 BCDEFGHI 
ARMOR RAMPAGE  4,207 BCDE  5,387 AB  6,000 A 
ARMOR VANDAL  4,130 BCDE  3,714 CDE  4,408 BCDEFGHIJ 
BECK 113  5,040 ABC  5,387 AB  2,793 L 
BECK 120  6,000 A  5,387 AB  6,000 A 
BECK 129  6,000 A  4,774 ABCD  5,398 ABCD 
Bess  4,007 BCDEF  4,789 ABCDE  4,760 ABCDEFGHI 
Clark  5,411 AB  3,699 CDE  4,796 ABCDEFGHI 
Delta Grow 7200  4,493 BCD  4,117 ABCDE  4,952 ABCDEFGH 
Delta Grow 9700  4,822 ABC  4,430 ABCDE  4,201 GHIJ 
Dyna-Gro 9042  6,000 A  6,000 A  6,000 A 
Dyna-Gro 9171  6,000 A  5,387 AB  5,126 ABCDEF 
Dyna-Gro 9223  4,281 BCDE  6,000 A  4,423 BCDEFGHI 
Dyna-Gro 9343  4,281 BCDE  4,663 ABCDE  4,791 ABCDEFGHI 
Equity Brand Sienna  6,000 A  6,000 A  4,548 BCDEFGHI 
KAS 5058  6,000 A  6,000 AB  5,132 ABCDEFG 
KAS S1200  6,000 A  3,737 CDE  4,620 BCDEFGHI 
KY03C-1237-05  5,105 AB  6,000 A  5,549 AB 
KY03C-1237-12  5,411 AB  4,926 ABCD  4,406 CDEFGHIJ 
Pembroke 2008  3,164 EF  3,882 CDE  6,000 A 
Pembroke 2014  4,104 BCDE  3,667 DE  5,132 ABCDEFG 
Pembroke 2016  4,362 BCD  6,000 A  3,724 IJK 
Pioneer variety 25R32  6,000 A  6,000 A  6,000 A 
Pioneer variety 25R40  6,000 A  6,000 A  5,531 ABC 
Pioneer variety 25R78  4,170 BCDE  6,000 A  4,387 DEFGHIJ 
Pioneer variety 26R10  4,078 BCDEF  3,376 DE  6,000 A 
Pioneer variety 26R20  6,000 A  4,198 ABCDE  3,381 JKL 
Pioneer variety 26R41  4,374 BCD  4,161 ABCDE  4,565 BCDEFGHI 
Pioneer variety 26R53  5,308 AB  3,287 E  4,331 EFGHIJ 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.69 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  3,090 F‡  4,006 BCDE  5,147 ABCDE 
Seed Consultants 1321  6,000 A  6,000 A  4,434 BCDEFGHI 
Seed Consultants 1342  4,888 ABC  6,000 A  6,000 AB 
Southern States 8340  4,835 ABC  3,566 DE  5,531 ABC 
Southern States 8412  3,391 DEF  6,000 A  4,533 BCDEFGHI 
Southern States 8700  4,133 BCDE  4,019 BCDE  4,430 BCDEFGHI 
STEYER HUNKER  5,488 AB  3,996 CDE  4,701 ABCDEFGHI 
STEYER PIERSON  5,329 AB  5,387 AB  3,161 KL 
SYNGENTA SY 483  4,274 BCDE  6,000 A  6,000 AB 
Terral TV8525  5,117 ABC  4,967 ABC  5,484 ABC 
Terral TV8848  4,130 BCDE  6,000 A  4,054 HIJ 
Terral TV8861  4,657 ABCD  4,744 ABCDE  5,526 ABC 
Truman  5,003 ABC  5,556 AB  5,111 ABCDEFG 
USG 3251  5,488 AB  6,000 A  5,051 ABCDEFG 
USG 3438  6,000 A  5,245 AB  4,165 GHIJ 
USG 3612  3,898 CDEF  6,000 A  4,773 ABCDEFGHI 
USG 3993   5,552 AB   5,479 AB   4,193 FGHIJ 
P-value  <.0001   <.0001   <.0001  
Mean  4,950   4,994   4,844  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
200 
 
Table 3.70 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  5,200 ABC‡  5,778 ABC  5,496 ABCD 
AgriMAXX 413  6,000 AB  5,350 ABCD  6,000 AB 
AgriMAXX 415  5,200 ABC  5,334 ABCD  5,262 BCD 
ARMOR HAVOC  5,600 AB  5,143 ABCDE  4,586 EFG 
ARMOR OCTANE  6,000 A  5,572 ABC  5,496 ABCD 
ARMOR RAMPAGE  4,643 CD  5,572 ABC  6,000 AB 
ARMOR VANDAL  5,200 ABC  5,257 ABCD  5,146 CDE 
BECK 113  5,200 ABC  5,479 ABC  3,949 H 
BECK 120  6,000 AB  5,778 ABC  6,000 A 
BECK 129  6,000 AB  5,350 ABCD  5,664 ABC 
Bess  6,000 AB  5,479 ABC  5,496 ABCD 
Clark  5,600 AB  4,438 DE  5,496 ABCD 
Delta Grow 7200  6,000 AB  5,350 ABCD  5,297 BCD 
Delta Grow 9700  6,000 A  5,080 ABCDE  5,029 DEF 
Dyna-Gro 9042  6,000 AB  6,000 A  5,832 ABC 
Dyna-Gro 9171  6,000 AB  5,572 ABC  5,664 ABC 
Dyna-Gro 9223  4,800 BCD  5,778 ABC  5,195 CD 
Dyna-Gro 9343  5,088 BCD  4,437 CDE  5,262 BCD 
Equity Brand Sienna  6,000 AB  6,000 A  5,496 ABCD 
KAS 5058  6,000 AB  5,778 ABC  5,664 ABC 
KAS S1200  6,000 AB  5,128 ABCDE  5,664 ABC 
KY03C-1237-05  5,600 AB  5,778 ABC  5,599 ABCD 
KY03C-1237-12  5,443 ABC  5,350 ABCD  5,496 ABCD 
Pembroke 2008  4,233 D  5,128 ABCDE  6,000 A 
Pembroke 2014  5,600 AB  4,921 BCDE  5,398 ABCD 
Pembroke 2016  4,899 BCD  6,000 A  4,519 FG 
Pioneer variety 25R32  6,000 AB  6,000 AB  6,000 A 
Pioneer variety 25R40  6,000 AB  6,000 A  5,832 ABC 
Pioneer variety 25R78  5,600 AB  5,778 ABC  5,162 CDE 
Pioneer variety 26R10  4,632 CD  4,253 E  6,000 A 
Pioneer variety 26R20  6,000 A  5,128 ABCDE  4,167 GH 
Pioneer variety 26R41  5,200 ABC  5,128 ABCDE  5,496 ABCD 
Pioneer variety 26R53  5,488 ABC  4,774 CDE  5,496 ABCD 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.70 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in February. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  4,233 D‡  5,128 ABCDE  5,664 ABC 
Seed Consultants 1321  6,000 AB  6,000 AB  5,146 CDE 
Seed Consultants 1342  6,000 A  6,000 ABC  6,000 ABC 
Southern States 8340  5,011 BCD  4,552 CDE  6,000 A 
Southern States 8412  4,265 D  5,778 ABC  5,262 BCD 
Southern States 8700  5,200 ABC  5,035 ABCDE  5,496 ABCD 
STEYER HUNKER  6,000 AB  4,774 CDE  5,496 ABCD 
STEYER PIERSON  5,400 ABC  5,479 ABC  3,949 H 
SYNGENTA SY 483  5,011 BCD  6,000 AB  6,000 ABC 
Terral TV8525  5,200 ABC  5,350 ABCD  5,832 ABC 
Terral TV8848  5,200 ABC  6,000 A  5,053 DEF 
Terral TV8861  6,000 AB  5,051 ABCDE  5,664 ABC 
Truman  6,000 AB  5,778 ABC  5,832 ABC 
USG 3251  6,000 AB  5,479 ABC  5,430 ABCD 
USG 3438  6,000 AB  5,572 ABC  5,262 BCD 
USG 3612  4,374 D  6,000 A  5,664 ABC 
USG 3993   6,000 AB   5,572 ABC   5,262 BCD 
P-value  <.0001   0.0160   <.0001  
Mean  5502   5429   5437  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.71 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in February. 
    GDD† Emergence to Feekes 3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  870 BCDEFG‡  509   1,030 AB 
AgriMAXX 413  1,361 AB  469   1,125 A 
AgriMAXX 415  789 ABCDEFG 469   879 ABCDEF 
ARMOR HAVOC  805 CDEFG  414   674 EF 
ARMOR OCTANE  832 BCDEFG  489   861 ABCDEF 
ARMOR RAMPAGE  749 DEFG  387   1,014 AB 
ARMOR VANDAL  731 DEFG  434   758 BCDEF 
BECK 113  1,099 ABCDEF  387   788 BCDEF 
BECK 120  1,251 ABC  408   828 BCDEF 
BECK 129  883 BCDEFG  367   802 BCDEF 
Bess  889 BCDEFG  469   678 EF 
Clark  630 G  387   870 ABCDEF 
Delta Grow 7200  1,147 ABCDE  496   916 ABCDE 
Delta Grow 9700  905 BCDEFG  454   783 BCDEF 
Dyna-Gro 9042  1,213 ABCD  435   861 ABCDEF 
Dyna-Gro 9171  1,273 ABC  516   875 ABCDEF 
Dyna-Gro 9223  612 G  489   719 DEF 
Dyna-Gro 9343  874 BCDEFG  536   813 BCDEF 
Equity Brand Sienna  1,558 A  408   765 BCDEF 
KAS 5058  963 ABCDEFG 479   766 BCDEF 
KAS S1200  1,023 ABCDEFG 428   703 EF 
KY03C-1237-05  1,367 AB  488   737 CDEF 
KY03C-1237-12  1,148 ABCDE  394   706 EF 
Pembroke 2008  1,025 ABCDEFG 394   738 CDEF 
Pembroke 2014  780 CDEFG  387   988 ABC 
Pembroke 2016  676 EFG  517   686 EF 
Pioneer variety 25R32  1,049 ABCDEFG 444   967 ABCD 
Pioneer variety 25R40  1,253 ABC  449   826 BCDEF 
Pioneer variety 25R78  642 FG  394   736 CDEF 
Pioneer variety 26R10  946 ABCDEFG 312   812 BCDEF 
Pioneer variety 26R20  1,574 A  387   978 ABC 
Pioneer variety 26R41  711 EFG  496   762 BCDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.71 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in February. 
    GDD† Emergence to Feekes 3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  1,269 ABC‡  517   787 BCDEF 
PROGENY P 117  729 CDEFG  414   820 BCDEF 
Seed Consultants 1321  962 ABCDEFG  502   759 BCDEF 
Seed Consultants 1342  790 CDEFG  512   1,125 A 
Southern States 8340  810 CDEFG  496   904 ABCDE 
Southern States 8412  907 BCDEFG  495   656 F 
Southern States 8700  749 DEFG  454   874 ABCDEF 
STEYER HUNKER  867 BCDEFG  454   1,132 A 
STEYER PIERSON  1,397 ABC  408   1,041 AB 
SYNGENTA SY 483  999 ABCDEFG 407   1,101 AB 
Terral TV8525  1,278 ABC  428   837 BCDEF 
Terral TV8848  919 ABCDEFG 408   808 BCDEF 
Terral TV8861  1,147 ABCDEFG 476   705 EF 
Truman  836 BCDEFG  441   780 BCDEF 
USG 3251  1,030 ABCDEFG 367   805 BCDEF 
USG 3438  961 ABCDEFG 475   747 BCDEF 
USG 3612  780 CDEFG  454   956 ABCD 
USG 3993   1,061 ABCDEFG  476    704 EF 
P-value  0.0162   0.4606   0.0061  
Mean  982   445   840  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.72 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in February. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,709   878 CDEFG‡  710 EFG 
AgriMAXX 413  1,240   786 EFG  903 ABCDEF 
AgriMAXX 415  2,398   846 DEFG  999 ABCDE 
ARMOR HAVOC  1,273   783 EFG  751 EFG 
ARMOR OCTANE  1,230   802 EFG  890 ABCDEF 
ARMOR RAMPAGE  1,626   783 EFG  867 BCDEF 
ARMOR VANDAL  1,495   866 CDEFG  923 ABCDE 
BECK 113  932   904 CDEF  637 FG 
BECK 120  933   902 CDEF  1,110 ABCD 
BECK 129  2,066   767 EFG  901 ABCDEF 
Bess  1,789   822 DEFG  918 ABCDE 
Clark  1,769   747 FG  783 DEF 
Delta Grow 7200  1,580   883 CDEFG  914 ABCDE 
Delta Grow 9700  1,329   743 FG  816 CDEF 
Dyna-Gro 9042  1,197   816 DEFG  708 EFG 
Dyna-Gro 9171  934   1,009 ABCD  969 ABCDE 
Dyna-Gro 9223  1,804   844 DEFG  1,150 AB 
Dyna-Gro 9343  1,542   745 FG  1,012 ABCDE 
Equity Brand Sienna  1,242   1,059 ABC  920 ABCDE 
KAS 5058  1,675   821 DEFG  1,084 ABCD 
KAS S1200  1,098   924 BCDEF  902 ABCDE 
KY03C-1237-05  1,050   785 EFG  1,044 ABCDE 
KY03C-1237-12  1,268   864 CDEFG  957 ABCDE 
Pembroke 2008  .   840 DEFG  991 ABCDE 
Pembroke 2014  1,754   844 DEFG  781 CDEF 
Pembroke 2016  1,459   741 FG  1,001 ABCDE 
Pioneer variety 25R32  1,368   823 DEFG  856 CDEF 
Pioneer variety 25R40  973   819 DEFG  1,031 ABCDE 
Pioneer variety 25R78  1,274   767 EFG  1,112 ABC 
Pioneer variety 26R10  1,277   1,203 AB  1,014 ABCDE 
Pioneer variety 26R20  1,085   561 H  660 EFG 
Pioneer variety 26R41  1,512   738 FG  1,014 ABCDE 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.72 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in February. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   Princeton 2016  Princeton 2017  
Lexington 
2017 
Pioneer variety 26R53  1,306   853 CDEFG‡  808 CDEF 
PROGENY P 117  612   783 EFG  1,093 ABCD 
Seed Consultants 1321  1,413   803 EFG  895 ABCDE 
Seed Consultants 1342  1,714   702 G  .  
Southern States 8340  1,110   762 FG  1,155 AB 
Southern States 8412  664   889 CDEFG  944 ABCDE 
Southern States 8700  2,029   707 G  1,050 ABCDE 
STEYER HUNKER  1,637   874 CDEFG  759 DEFG 
STEYER PIERSON  1,020   762 FG  504 G 
SYNGENTA SY 483  1,125   963 BCDE  664 EFG 
Terral TV8525  1,139   779 EFG  1,169 AB 
Terral TV8848  1,080   823 DEFG  990 ABCDE 
Terral TV8861  1,197   842 DEFG  1,275 A 
Truman  1,842   883 CDEFG  953 ABCDE 
USG 3251  1,684   924 BCDEF  747 EFG 
USG 3438  1,351   862 CDEFG  783 DEF 
USG 3612  1,332   1,213 A  930 ABCDE 
USG 3993   1,249    1,228 A  791 DEF 
P-value  0.2079   <.0001   0.0005  
Mean  1,375   847   915  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.73 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in February. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   289 ABCDE‡  .  
AgriMAXX 413  .   295 ABCDE  .  
AgriMAXX 415  412 I  206 DE  .  
ARMOR HAVOC  220 L  205 CDE  1,273 ABCD 
ARMOR OCTANE  1,304 BC  126 E  1,333 ABC 
ARMOR RAMPAGE  1,060 D  181 DE  .  
ARMOR VANDAL  .   272 ABCDE  .  
BECK 113  1,499 B  149 DE  273 GH 
BECK 120  1,628 A  138 E  .  
BECK 129  .   182 DE  .  
Bess  656 G  253 ABCDE  459 DEFGH 
Clark  412 I  182 DE  .  
Delta Grow 7200  .   488 ABC  1,189 ABCDE 
Delta Grow 9700  .   247 ABCDE  459 DEFGH 
Dyna-Gro 9042  553 H  673 A  733 CDEFG 
Dyna-Gro 9171  .   536 AB  .  
Dyna-Gro 9223  .   239 ABCDE  .  
Dyna-Gro 9343  .   352 ABCDE  .  
Equity Brand Sienna  .   238 BCDE  .  
KAS 5058  684 F  568 A  .  
KAS S1200  .   498 ABC  .  
KY03C-1237-05  .   253 ABCDE  .  
KY03C-1237-12  553 H  144 DE  660 CDEFG 
Pembroke 2008  .   154 DE  .  
Pembroke 2014  .   121 E  .  
Pembroke 2016  .   139 E  668 CDEFG 
Pioneer variety 25R32  .   453 ABCD  .  
Pioneer variety 25R40  .   149 DE  .  
Pioneer variety 25R78  .   182 DE  436 EFGH 
Pioneer variety 26R10  1,255 D  310 ABCDE  2,101 A 
Pioneer variety 26R20  .   367 ABCDE  297 FGH 
Pioneer variety 26R41  904 E  150 E  .  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.73 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in February. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  .   145 DE‡  1,271 ABCD 
PROGENY P 117  90 M  584 ABC  .  
Seed Consultants 1321  .   555 AB  .  
Seed Consultants 1342  412 I  282 ABCDE  .  
Southern States 8340  .   144 E  .  
Southern States 8412  70 M  246 ABCDE  816 BCDEF 
Southern States 8700  .   200 CDE  .  
STEYER HUNKER  .   279 ABCDE  .  
STEYER PIERSON  656 G  182 CDE  156 H 
SYNGENTA SY 483  .   338 ABCDE  .  
Terral TV8525  1,290 C  168 DE  .  
Terral TV8848  273 K  144 DE  567 CDEFGH 
Terral TV8861  759 F  534 ABC  .  
Truman  .   290 ABCDE  .  
USG 3251  366 J  180 DE  .  
USG 3438  .   235 CDE  1,004 BCDE 
USG 3612  47 N  126 E  .  
USG 3993   553 H   397 ABCDE   1,756 AB 
P-value  0.0039   0.0213   0.0074  
Mean  680   275   858  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
208 
 
Table 3.74 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in February. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   2,959 A‡  .  
AgriMAXX 413  .   1,610 FGHIJ  .  
AgriMAXX 415  347 D  1,432 HIJ  .  
ARMOR HAVOC  1,700 A  2,151 BCDEF  418 BCD 
ARMOR OCTANE  .   2,451 ABCD  276 CD 
ARMOR RAMPAGE  .   1,876 DEFGH  .  
ARMOR VANDAL  .   1,310 IJK  .  
BECK 113  .   2,026 BCDEFG  273 D 
BECK 120  .   2,026 BCDEFG  .  
BECK 129  .   2,049 BCDEFG  .  
Bess  249 DE  1,514 GHIJ  2,008 A 
Clark  .   1,818 EFGH  .  
Delta Grow 7200  .   1,684 EFGHI  213 D 
Delta Grow 9700  .   .   799 B 
Dyna-Gro 9042  .   .   .  
Dyna-Gro 9171  .   .   .  
Dyna-Gro 9223  .   2,959 A  .  
Dyna-Gro 9343  .   1,947 CDEFG  .  
Equity Brand Sienna  .   .   .  
KAS 5058  .   .   .  
KAS S1200  .   1,565 FGHIJ  .  
KY03C-1237-05  .   2,212 BCDE  .  
KY03C-1237-12  737 BC  1,904 CDEFGH  .  
Pembroke 2008  .   1,545 FGHIJ  .  
Pembroke 2014  .   1,795 EFGH  .  
Pembroke 2016  .   .   546 BC 
Pioneer variety 25R32  .   .   .  
Pioneer variety 25R40  .   .   .  
Pioneer variety 25R78  .   2,576 ABC  592 BC 
Pioneer variety 26R10  .   1,056 K  383 BCD 
Pioneer variety 26R20  .   2,064 BCDEF  419 BCD 
Pioneer variety 26R41  .   2,041 BCDEFG  .  
Pioneer variety 26R53  .   996 K  351 CD 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.74 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three 
field trials when planted in February. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  712 C‡  1,730 EFGH  .  
Seed Consultants 1321  .   .   .  
Seed Consultants 1342  142 E  2,727 AB  .  
Southern States 8340  .   1,450 HIJ  .  
Southern States 8412  989 BC  2,451 ABCD  418 BCD 
Southern States 8700  874 BC  1,968 CDEFG  .  
STEYER HUNKER  .   623 L  .  
STEYER PIERSON  .   .   412 CD 
SYNGENTA SY 483  .   .   .  
Terral TV8525  .   1,861 DEFGH  .  
Terral TV8848  .   .   319 CD 
Terral TV8861  222 DE  1,287 JK  .  
Truman  .   2,451 ABCD  .  
USG 3251  187 DE  1,821 DEFGH  .  
USG 3438  .   1,821 DEFGH  388 CD 
USG 3612  1,064 B  .   .  
USG 3993   .     2,054 BCDEFG   213 D 
P-value  0.0306   <.0001   0.0057  
Mean  656   1,887   502  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
210 
 
Table 3.75 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in February. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  511   .   330  
AgriMAXX 413     .   .  
AgriMAXX 415  305   294 BC‡  497  
ARMOR HAVOC     .   462  
ARMOR OCTANE     .   235  
ARMOR RAMPAGE     715 A  .  
ARMOR VANDAL     435 BC  367  
BECK 113     .   372  
BECK 120     .   .  
BECK 129     321 BCDE  437  
Bess     264 BCDE  675  
Clark     140 DE  205  
Delta Grow 7200     .   322  
Delta Grow 9700     .   344  
Dyna-Gro 9042     .   .  
Dyna-Gro 9171     .   401  
Dyna-Gro 9223     .   356  
Dyna-Gro 9343     205 CDE  149  
Equity Brand Sienna     .   325  
KAS 5058     .   395  
KAS S1200     186 DE  330  
KY03C-1237-05     586 AB  956  
KY03C-1237-12     248 BCDE  145  
Pembroke 2008     187 DE  .  
Pembroke 2014     103 E  672  
Pembroke 2016     .   294  
Pioneer variety 25R32     .   .  
Pioneer variety 25R40     .   .  
Pioneer variety 25R78     509 ABC  418  
Pioneer variety 26R10     274 BC  .  
Pioneer variety 26R20     177 DE  534  
Pioneer variety 26R41  698   218 DE  545  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.75 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in February. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53     327 BC‡  412  
PROGENY P 117     512 ABC  616  
Seed Consultants 1321     .   458  
Seed Consultants 1342     .   .  
Southern States 8340     373 BC  233  
Southern States 8412     509 ABC  615  
Southern States 8700     249 BCD  537  
STEYER HUNKER     214 CDE  151  
STEYER PIERSON     .   497  
SYNGENTA SY 483     .   .  
Terral TV8525  511   177 DE  .  
Terral TV8848     .   442  
Terral TV8861     187 DE  .  
Truman     376 ABC  330  
USG 3251     .   455  
USG 3438     92 E  708  
USG 3612     .   258  
USG 3993         181 DE   708   
P-value  -   0.0180   0.4287  
Mean  506   298   426  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.76 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in February. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  
Princeton 
2016  Princeton 2017  Lexington 2017 
AgriMAXX 412  227   .   128 
AgriMAXX 413     .   . 
AgriMAXX 415  227   144 CD‡  140 
ARMOR HAVOC     .   98 
ARMOR OCTANE     .   90 
ARMOR RAMPAGE     .   . 
ARMOR VANDAL     103 D  92 
BECK 113     .   85 
BECK 120     .   . 
BECK 129     309 AB  95 
Bess     89 D  80 
Clark     156 CD  95 
Delta Grow 7200     .   87 
Delta Grow 9700     214 BCD  94 
Dyna-Gro 9042     .   . 
Dyna-Gro 9171     .   109 
Dyna-Gro 9223     .   115 
Dyna-Gro 9343     461 A  97 
Equity Brand Sienna     .   89 
KAS 5058     .   142 
KAS S1200     104 CD  75 
KY03C-1237-05     .   54 
KY03C-1237-12     116 CD  95 
Pembroke 2008     149 CD  . 
Pembroke 2014     148 CD  97 
Pembroke 2016     .   130 
Pioneer variety 25R32     .   . 
Pioneer variety 25R40     .   97 
Pioneer variety 25R78     .   93 
Pioneer variety 26R10     288 AB  . 
Pioneer variety 26R20     181 BCD  161 
Pioneer variety 26R41  227   309 AB  91 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.76 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in February. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53     208 BC‡  90 
PROGENY P 117     116 CD  74 
Seed Consultants 1321     .   97 
Seed Consultants 1342     .   . 
Southern States 8340     99 D  97 
Southern States 8412     .   166 
Southern States 8700     211 BC  233 
STEYER HUNKER     242 B  54 
STEYER PIERSON     .   106 
SYNGENTA SY 483     .   . 
Terral TV8525  227   113 CD  88 
Terral TV8848     .   120 
Terral TV8861     173 BCD  . 
Truman     133 BCD  137 
USG 3251     .   148 
USG 3438     113 CD  117 
USG 3612  76   .   129 
USG 3993        96 CD  75 
P-value  -   0.0054   0.4636 
Mean  197   178   106 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.77 Cumulative growing degree days (GDD) Feekes 10.5.3 to 11.4 for three field 
trials when planted in February. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  567 BCDEFG‡  169   987 ABCD 
AgriMAXX 413  .   864   .  
AgriMAXX 415  722 ABCD  1,674   1,324 A 
ARMOR HAVOC  567 BCDEFG  555   554 BCDEF 
ARMOR OCTANE  .   374   998 ABCD 
ARMOR RAMPAGE  437 CDEFG  555   .  
ARMOR VANDAL  722 ABCD  860   388 DEF 
BECK 113  240 FG  277   1,156 AB 
BECK 120  .   1,174   .  
BECK 129  .   864   700 ABCDE 
Bess  .   860   735 ABCDE 
Clark  567 BCDEFG  739   700 ABCDE 
Delta Grow 7200  .   908   689 ABCDEF 
Delta Grow 9700  .   1,301   828 ABCDE 
Dyna-Gro 9042  .   .   .  
Dyna-Gro 9171  .   555   807 ABCDE 
Dyna-Gro 9223  519 BCDEF  .   772 ABCDE 
Dyna-Gro 9343  231 EFG  277   355 EF 
Equity Brand Sienna  .   .   948 ABCD 
KAS 5058  .   .   1,232 AB 
KAS S1200  .   1,288   849 ABCDE 
KY03C-1237-05  143 FG  .   149 F 
KY03C-1237-12  97 G  864   1,090 ABC 
Pembroke 2008  1,070 AB  1,246   .  
Pembroke 2014  567 BCDEFG  1,254   532 BCDEF 
Pembroke 2016  805 ABCD  .   795 ABCDE 
Pioneer variety 25R32  .   .   .  
Pioneer variety 25R40  .   .   903 ABCD 
Pioneer variety 25R78  953 AB  .   776 ABCDE 
Pioneer variety 26R10  554 CDEF  785   .  
Pioneer variety 26R20  .   930   786 ABCDE 
Pioneer variety 26R41  355 DEFG  967   930 ABCD 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.77 (continued) Cumulative growing degree days (GDD) Feekes 10.5.3 to 11.4 for 
three field trials when planted in February. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar   Princeton 2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  541 ABCDEFG‡ 873   1,165 AB 
PROGENY P 117  1,143 A  1,019   775 ABCDE 
Seed Consultants 1321  .   .   712 ABCDE 
Seed Consultants 1342  .   .   .  
Southern States 8340  265 EFG  986   .  
Southern States 8412  874 AB  .   729 ABCDE 
Southern States 8700  718 ABCDE  1,016   1,066 ABC 
STEYER HUNKER  .   1,166   795 ABCDE 
STEYER PIERSON  143 FG  277   788 ABCDE 
SYNGENTA SY 483  434 CDEFG  .   .  
Terral TV8525  567 BCDEFG  574   1,045 ABCD 
Terral TV8848  722 ABCD  .   999 ABCD 
Terral TV8861  .   949   444 CDEF 
Truman  .   665   1,045 ABCD 
USG 3251  .   .   570 BCDEF 
USG 3438  .   980   1,097 ABC 
USG 3612  477 CDEF  .   1,336 A 
USG 3993   .     278     1,069 ABC 
P-value  0.0125   0.1088   0.0471  
Mean  555   827   840  
          
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.78 Cumulative growing degree days (GDD) from the date of planting to seedling 
emergence for three field trials when planted in March. 
    GDD† Date of Planting to Emergence 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  266 CD‡  321 CDE  212 FGHIJ 
AgriMAXX 413  234 D  340 CD  301 BC 
AgriMAXX 415  234 D  370 BC  183 IJ 
ARMOR HAVOC  234 D  329 CDE  203 GHIJ 
ARMOR OCTANE  234 D  321 CDE  212 FGHIJ 
ARMOR RAMPAGE  234 D  309 DE  222 EFGHI 
ARMOR VANDAL  266 CD  309 DE  269 BCD 
BECK 113  234 D  321 CDE  243 DEFG 
BECK 120  234 D  309 DE  212 FGHIJ 
BECK 129  234 D  329 CDE  193 HIJ 
Bess  234 D  360 BC  212 FGHIJ 
Clark  234 D  309 DE  213 FGHIJ 
Delta Grow 7200  234 D  340 CD  232 DEFGH 
Delta Grow 9700  234 D  309 DE  232 DEFGH 
Dyna-Gro 9042  234 D  .   193 HIJ 
Dyna-Gro 9171  234 D  321 CDE  183 IJ 
Dyna-Gro 9223  234 D  309 DE  222 EFGHI 
Dyna-Gro 9343  234 D  321 CDE  212 FGHIJ 
Equity Brand Sienna  234 D  321 CDE  222 EFGHI 
KAS 5058  234 D  321 CDE  212 FGHIJ 
KAS S1200  234 D  363 BC  243 DEFG 
KY03C-1237-05  234 D  340 CD  203 GHIJ 
KY03C-1237-12  234 D  360 BC  222 EFGHI 
Pembroke 2008  234 D  309 DE  212 FGHIJ 
Pembroke 2014  234 D  321 CDE  264 CDE 
Pembroke 2016  234 D  321 CDE  203 GHIJ 
Pioneer variety 25R32  234 D  340 CD  212 FGHIJ 
Pioneer variety 25R40  234 D  321 CDE  203 GHIJ 
Pioneer variety 25R78  234 D  321 CDE  232 DEFGH 
Pioneer variety 26R10  234 D  425 A  233 DEFGH 
Pioneer variety 26R20  333 AB  292 E  222 EFGHI 
Pioneer variety 26R41  234 D  321 CDE  203 GHIJ 
Pioneer variety 26R53  234 D  340 CD  253 CDEF 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.78 (continued) Cumulative growing degree days (GDD) from the date of planting to 
seedling emergence for three field trials when planted in March. 
    GDD† Date of Planting to Emergence 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  234 D‡  321 CDE  193 HIJ 
Seed Consultants 1321  234 D  382 ABC  222 EFGHI 
Seed Consultants 1342  234 D  402 AB  314 B 
Southern States 8340  234 D  321 CDE  223 EFGHI 
Southern States 8412  234 D  321 CDE  175 J 
Southern States 8700  234 D  380 ABC  212 FGHIJ 
STEYER HUNKER  234 D  321 CDE  222 EFGHI 
STEYER PIERSON  266 CD  321 CDE  193 HIJ 
SYNGENTA SY 483  234 D  329 CDE  381 A 
Terral TV8525  298 BC  351 CD  203 GHIJ 
Terral TV8848  234 D  309 DE  212 FGHIJ 
Terral TV8861  365 A  321 CDE  243 DEFG 
Truman  266 CD  321 CDE  253 CDEF 
USG 3251  234 D  309 DE  223 EFGHI 
USG 3438  234 D  340 CD  183 IJ 
USG 3612  234 D  340 CD  222 EFGHI 
USG 3993   234 D   363 BC   175 J 
P-value  <.0001   0.0010   <.0001  
Mean  242   332   223  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.79 Cumulative growing degree days (GDD) from the date of planting to Feekes 3 
for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 3 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,110   808 ABCDE‡  1,293 CDEFGHI 
AgriMAXX 413  1,340   724 CDEFG  1,521 A 
AgriMAXX 415  1,197   701 DEFG  1,202 FGHIJK 
ARMOR HAVOC  1,015   655 FG  1,207 FGHIJK 
ARMOR OCTANE  1,030   655 FG  1,221 FGHIJK 
ARMOR RAMPAGE  1,126   701 DEFG  1,293 CDEFGHI 
ARMOR VANDAL  1,015   772 ABCDEFG 1,393 ABCD 
BECK 113  851   632 G  1,391 ABCDE 
BECK 120  1,246   701 DEFG  1,293 CDEFGHI 
BECK 129  1,015   678 EFG  1,175 HIJK 
Bess  1,056   832 ABCD  1,127 JK 
Clark  800   678 EFG  1,293 CDEFGHI 
Delta Grow 7200  1,395   702 DEFG  1,247 DEFGHIJK 
Delta Grow 9700  1,205   701 DEFG  1,163 IJK 
Dyna-Gro 9042  1,062   953 A  1,267 DEFGHIJ 
Dyna-Gro 9171  1,030   678 EFG  1,202 FGHIJK 
Dyna-Gro 9223  1,020   748 BCDEFG  1,131 JK 
Dyna-Gro 9343  1,094   632 G  1,247 DEFGHIJK 
Equity Brand Sienna  1,011   785 ABCDEF  1,226 EFGHIJK 
KAS 5058  838   701 DEFG  1,202 FGHIJK 
KAS S1200  1,116   739 CDEFG  1,272 DEFGHIJ 
KY03C-1237-05  1,110   678 EFG  1,107 K 
KY03C-1237-12  887   739 CDEFG  1,163 IJK 
Pembroke 2008  1,221   701 DEFG  1,202 FGHIJK 
Pembroke 2014  1,126   678 EFG  1,291 CDEFGHI 
Pembroke 2016  981   748 BCDEFG  1,146 IJK 
Pioneer variety 25R32  1,142   724 CDEFG  1,291 CDEFGHI 
Pioneer variety 25R40  1,015   655 FG  1,163 IJK 
Pioneer variety 25R78  936   632 G  1,127 JK 
Pioneer variety 26R10  1,015   749 CDEFG  1,151 IJK 
Pioneer variety 26R20  1,197   678 EFG  1,163 IJK 
Pioneer variety 26R41  1,062   748 CDEFG  1,182 GHIJK 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.79 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 3 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 3 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  1,221   701 DEFG‡  1,328 BCDEFGH 
PROGENY P 117  1,055   655 FG  1,127 JK 
Seed Consultants 1321  1,234   785 ABCDEF  1,328 BCDEFGH 
Seed Consultants 1342  1,220   856 ABC  1,466 AB 
Southern States 8340  961   701 DEFG  1,336 ABCDEFG 
Southern States 8412  887   632 G  1,167 IJK 
Southern States 8700  1,079   832 ABCD  1,216 FGHIJK 
STEYER HUNKER  1,030   953 AB  1,283 CDEFGHIJ 
STEYER PIERSON  1,062   807 ABCDE  1,226 EFGHIJK 
SYNGENTA SY 483  936   725 CDEFG  1,445 ABC 
Terral TV8525  1,078   748 BCDEFG  1,348 ABCDEF 
Terral TV8848  936   655 FG  1,163 IJK 
Terral TV8861  1,220   701 DEFG  1,163 IJK 
Truman  1,015   678 EFG  1,445 ABC 
USG 3251  1,126   678 EFG  1,163 IJK 
USG 3438  1,078   749 CDEFG  1,182 GHIJK 
USG 3612  1,030   724 CDEFG  1,163 IJK 
USG 3993   1,136     762 BCDEFG   1,107 K 
P-value  0.1311   0.0072   <.0001  
Mean  1,071   725   1,240  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.80 Cumulative growing degree days (GDD) from the date of planting to Feekes 5 
for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  2,929   1,298 BC‡  1,960 FGCDEH 
AgriMAXX 413  2,638   1,257 BCDE  2,314 AB 
AgriMAXX 415  2,417   1,270 BCDE  2,083 ABCDE 
ARMOR HAVOC  2,201   1,204 E  1,914 FGIDEH 
ARMOR OCTANE  2,442   1,204 E  1,922 FGIDEH 
ARMOR RAMPAGE  2,226   1,217 DE  2,083 ABCDE 
ARMOR VANDAL  2,201   1,265 BCDE  2,124 ABCDE 
BECK 113  2,201   1,217 DE  2,002 FGCDE 
BECK 120  2,323   1,230 CDE  2,176 ABC 
BECK 129  2,201   1,204 E  1,757 IH 
Bess  2,417   1,326 AB  1,815 FGIH 
Clark  2,743   1,244 CDE  2,083 ABCDE 
Delta Grow 7200  2,226   1,270 BCDE  2,083 ABCDE 
Delta Grow 9700  2,417   1,244 CDE  1,839 FGIH 
Dyna-Gro 9042  2,091   1,284 BCDE  1,962 FGCDEH 
Dyna-Gro 9171  2,490   1,270 BCDE  2,124 ABCDE 
Dyna-Gro 9223  2,417   1,298 BC  1,962 FGCDEH 
Dyna-Gro 9343  2,201   1,204 E  1,892 FGIEH 
Equity Brand Sienna  2,757   1,326 AB  2,124 ABCDE 
KAS 5058  2,417   1,298 BC  2,002 FGCDE 
KAS S1200  2,516   1,270 BCDE  2,198 ABC 
KY03C-1237-05  2,601   1,244 CDE  2,124 ABCDE 
KY03C-1237-12  2,417   1,217 DE  1,770 GIH 
Pembroke 2008  2,093   1,230 CDE  2,043 FBCDE 
Pembroke 2014  2,539   1,217 DE  2,043 FBCDE 
Pembroke 2016  2,054   1,244 CDE  1,768 GIH 
Pioneer variety 25R32  2,442   1,298 BC  2,031 FBCDE 
Pioneer variety 25R40  2,201   1,204 E  2,002 FGCDE 
Pioneer variety 25R78  2,417   1,204 E  2,043 FBCDE 
Pioneer variety 26R10  2,201   1,217 DE  1,962 FGCDEH 
Pioneer variety 26R20  1,985   1,204 E  1,777 GIH 
Pioneer variety 26R41  2,490   1,204 E  2,083 ABCDE 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.80 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 5 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 5 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  2,201   1,204 E‡  1,932 FGIDEH 
PROGENY P 117  2,417   1,204 E  2,124 ABCDE 
Seed Consultants 1321  2,201   1,285 BCD  2,043 FBCDE 
Seed Consultants 1342  2,226   1,270 BCDE  2,325 A 
Southern States 8340  2,417   1,204 E  2,002 FGCDE 
Southern States 8412  2,201   1,217 DE  1,707 I 
Southern States 8700  2,417   1,230 CDE  2,158 ABCD 
STEYER HUNKER  2,417   1,326 ABC  2,043 FBCDE 
STEYER PIERSON  2,417   1,265 BCDE  2,083 ABCDE 
SYNGENTA SY 483  2,936   1,285 BCD  2,236 ABC 
Terral TV8525  2,627   1,298 BC  2,124 ABCDE 
Terral TV8848  2,661   1,217 DE  2,083 ABCDE 
Terral TV8861  2,201   1,217 DE  2,273 AB 
Truman  2,201   1,285 BCD  2,083 ABCDE 
USG 3251  2,539   1,265 BCDE  2,002 FGCDE 
USG 3438  2,490   1,298 BC  1,782 GIH 
USG 3612  2,201   1,270 BCDE  2,124 ABCDE 
USG 3993   2,417     1,399 A   1,838 FGIH 
P-value  0.1203   <.0001   <.0001  
Mean  2,382   1,252   2,021  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.81 Cumulative growing degree days (GDD) from the date of planting to Feekes 6 
for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  6,000   6,000   6,000 A‡ 
AgriMAXX 413  6,000   6,000   6,000 A 
AgriMAXX 415  6,000   6,000   6,000 A 
ARMOR HAVOC  6,000   6,000   6,000 A 
ARMOR OCTANE  5,236   6,000   6,000 A 
ARMOR RAMPAGE  6,000   6,000   6,000 A 
ARMOR VANDAL  6,000   6,000   6,000 A 
BECK 113  6,000   6,000   2,455 C 
BECK 120  6,000   6,000   6,000 A 
BECK 129  6,000   6,000   6,000 A 
Bess  6,000   6,000   .  
Clark  6,000   6,000   6,000 A 
Delta Grow 7200  6,000   6,000   6,000 A 
Delta Grow 9700  6,000   6,000   6,000 A 
Dyna-Gro 9042  6,000   6,000   6,000 A 
Dyna-Gro 9171  4,214   6,000   6,000 A 
Dyna-Gro 9223  6,000   6,000   6,000 A 
Dyna-Gro 9343  6,000   6,000   6,000 A 
Equity Brand Sienna  6,000   6,000   6,000 A 
KAS 5058  6,000   6,000   6,000 A 
KAS S1200  6,000   6,000   6,000 A 
KY03C-1237-05  6,000   6,000   6,000 A 
KY03C-1237-12  6,000   6,000   6,000 A 
Pembroke 2008  .   6,000   6,000 A 
Pembroke 2014  6,000   6,000   6,000 A 
Pembroke 2016  6,000   6,000   6,000 A 
Pioneer variety 25R32  6,000   6,000   6,000 A 
Pioneer variety 25R40  6,000   6,000   6,000 A 
Pioneer variety 25R78  5,132   6,000   6,000 A 
Pioneer variety 26R10  6,000   6,000   6,000 A 
Pioneer variety 26R20  4,943   6,000   2,732 C 
Pioneer variety 26R41  5,024   6,000   6,000 A 
Pioneer variety 26R53  6,000   6,000   6,000 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.81 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 6 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  6,000   6,000   6,000 A‡ 
Seed Consultants 1321  6,000   6,000   6,000 A 
Seed Consultants 1342  6,000   6,000   6,000 A 
Southern States 8340  6,000   6,000   6,000 A 
Southern States 8412  6,000   6,000   6,000 A 
Southern States 8700  5,377   6,000   6,000 A 
STEYER HUNKER  6,000   6,000   6,000 A 
STEYER PIERSON  6,000   6,000   6,000 A 
SYNGENTA SY 483  6,000   6,000   6,000 A 
Terral TV8525  6,000   6,000   6,000 A 
Terral TV8848  6,000   6,000   4,850 B 
Terral TV8861  6,000   6,000   6,000 A 
Truman  6,000   6,000   6,000 A 
USG 3251  4,990   6,000   6,000 A 
USG 3438  6,000   6,000   .  
USG 3612  4,990   6,000   6,000 A 
USG 3993   6,000     6,000     6,000 A 
P-value  0.5467   1.0000   <.0001  
Mean  5,835   6,000   5,834  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.82 Cumulative growing degree days (GDD) from the date of planting to Feekes 9 
for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 9 
Cultivar  Princeton 2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  6,000 A‡  6,000   4,892 BCD 
AgriMAXX 413  6,000 A  6,000   6,000 A 
AgriMAXX 415  6,000 A  6,000   6,000 A 
ARMOR HAVOC  6,000 A  6,000   6,000 A 
ARMOR OCTANE  6,000 A  6,000   6,000 A 
ARMOR RAMPAGE  6,000 A  6,000   6,000 A 
ARMOR VANDAL  5,377 AB  6,000   6,000 A 
BECK 113  4,754 BCD  6,000   2,915 F 
BECK 120  6,000 A  6,000   6,000 A 
BECK 129  6,000 A  6,000   6,000 A 
Bess  6,000 A  6,000   4,270 DE 
Clark  6,000 A  6,000   6,000 A 
Delta Grow 7200  6,000 A  6,000   6,000 A 
Delta Grow 9700  6,000 A  6,000   4,679 CD 
Dyna-Gro 9042  6,000 A  6,000   6,000 A 
Dyna-Gro 9171  6,000 A  6,000   6,000 A 
Dyna-Gro 9223  5,377 AB  6,000   6,000 A 
Dyna-Gro 9343  6,000 A  6,000   6,000 A 
Equity Brand Sienna  6,000 A  6,000   5,430 ABC 
KAS 5058  5,377 AB  6,000   6,000 A 
KAS S1200  6,000 A  6,000   6,000 A 
KY03C-1237-05  6,000 A  6,000   5,430 ABC 
KY03C-1237-12  5,377 AB  6,000   5,462 ABC 
Pembroke 2008  2,637 E  6,000   6,000 A 
Pembroke 2014  6,000 A  6,000   6,000 A 
Pembroke 2016  6,000 A  6,000   5,462 ABC 
Pioneer variety 25R32  6,000 A  6,000   6,000 A 
Pioneer variety 25R40  6,000 A  6,000   6,000 A 
Pioneer variety 25R78  6,000 A  6,000   6,000 A 
Pioneer variety 26R10  6,000 A  6,000   4,792 BCD 
Pioneer variety 26R20  6,000 A  6,000   3,644 EF 
Pioneer variety 26R41  6,000 A  6,000   6,000 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.82 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 9 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  6,000 A‡  6,000   5,394 ABC 
PROGENY P 117  4,484 CD  6,000   4,792 BCD 
Seed Consultants 1321  6,000 A  6,000   6,000 A 
Seed Consultants 1342  6,000 A  6,000   6,000 AB 
Southern States 8340  6,000 A  6,000   5,092 ABCD 
Southern States 8412  6,000 A  6,000   4,860 BCD 
Southern States 8700  6,000 A  6,000   6,000 A 
STEYER HUNKER  6,000 A  6,000   6,000 A 
STEYER PIERSON  5,268 ABC  6,000   6,000 A 
SYNGENTA SY 483  6,000 A  6,000   6,000 A 
Terral TV8525  5,377 AB  6,000   5,430 ABC 
Terral TV8848  4,319 D  6,000   5,430 ABC 
Terral TV8861  6,000 A  6,000   6,000 A 
Truman  6,000 A  6,000   6,000 A 
USG 3251  6,000 A  6,000   6,000 A 
USG 3438  6,000 A  6,000   4,136 DE 
USG 3612  6,000 A  6,000   6,000 A 
USG 3993   6,000 A   6,000     4,654 CD 
P-value  0.0002   1.0000   <.0001  
Mean  5,767   6,000   5,575  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
226 
 
Table 3.83 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.1 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  6,000 A‡  6,000   6,000 A 
AgriMAXX 413  6,000 A  6,000   6,000 A 
AgriMAXX 415  6,000 A  6,000   6,000 A 
ARMOR HAVOC  6,000 A  6,000   6,000 A 
ARMOR OCTANE  6,000 A  6,000   6,000 A 
ARMOR RAMPAGE  6,000 A  6,000   6,000 A 
ARMOR VANDAL  6,000 A  6,000   6,000 A 
BECK 113  6,000 A  6,000   3,331 F 
BECK 120  6,000 A  6,000   6,000 A 
BECK 129  6,000 A  6,000   6,000 A 
Bess  6,000 A  6,000   6,000 A 
Clark  6,000 A  6,000   6,000 A 
Delta Grow 7200  6,000 A  6,000   6,000 A 
Delta Grow 9700  6,000 A  6,000   5,446 BC 
Dyna-Gro 9042  6,000 A  6,000   6,000 A 
Dyna-Gro 9171  6,000 A  6,000   6,000 A 
Dyna-Gro 9223  6,000 A  6,000   6,000 A 
Dyna-Gro 9343  6,000 A  6,000   6,000 A 
Equity Brand Sienna  6,000 A  6,000   6,000 A 
KAS 5058  6,000 A  6,000   6,000 A 
KAS S1200  6,000 A  6,000   6,000 AB 
KY03C-1237-05  6,000 A  6,000   6,000 A 
KY03C-1237-12  6,000 A  6,000   6,000 A 
Pembroke 2008  3,321 B  6,000   6,000 A 
Pembroke 2014  6,000 A  6,000   6,000 A 
Pembroke 2016  6,000 A  6,000   6,000 A 
Pioneer variety 25R32  6,000 A  6,000   6,000 A 
Pioneer variety 25R40  6,000 A  6,000   6,000 A 
Pioneer variety 25R78  6,000 A  6,000   6,000 A 
Pioneer variety 26R10  6,000 A  6,000   5,430 C 
Pioneer variety 26R20  6,000 A  6,000   4,090 E 
Pioneer variety 26R41  6,000 A  6,000   6,000 A 
Pioneer variety 26R53  6,000 A  6,000   6,000 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.83 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.1 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  6,000 A‡  6,000   6,000 A 
Seed Consultants 1321  6,000 A  6,000   6,000 A 
Seed Consultants 1342  6,000 A  6,000   6,000 ABC 
Southern States 8340  6,000 A  6,000   6,000 AB 
Southern States 8412  6,000 A  6,000   6,000 A 
Southern States 8700  6,000 A  6,000   6,000 A 
STEYER HUNKER  6,000 A  6,000   6,000 A 
STEYER PIERSON  6,000 A  6,000   6,000 A 
SYNGENTA SY 483  6,000 A  6,000   6,000 AB 
Terral TV8525  6,000 A  6,000   6,000 A 
Terral TV8848  6,000 A  6,000   6,000 A 
Terral TV8861  6,000 A  6,000   6,000 A 
Truman  6,000 A  6,000   6,000 A 
USG 3251  6,000 A  6,000   6,000 A 
USG 3438  6,000 A  6,000   4,856 D 
USG 3612  6,000 A  6,000   6,000 A 
USG 3993   6,000 A   6,000     5,430 C 
P-value  <.0001   1.0000   <.0001  
Mean  5,946   6,000   5,852  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.84 Cumulative growing degree days (GDD) from the date of planting to Feekes 
10.5.3 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  6,000   6,000   6,000 A‡ 
AgriMAXX 413  6,000   6,000   6,000 A 
AgriMAXX 415  6,000   6,000   6,000 A 
ARMOR HAVOC  6,000   6,000   6,000 A 
ARMOR OCTANE  6,000   6,000   6,000 A 
ARMOR RAMPAGE  6,000   6,000   6,000 A 
ARMOR VANDAL  6,000   6,000   6,000 A 
BECK 113  6,000   6,000   3,465 E 
BECK 120  6,000   6,000   6,000 A 
BECK 129  6,000   6,000   6,000 A 
Bess  6,000   6,000   6,000 A 
Clark  6,000   6,000   6,000 A 
Delta Grow 7200  6,000   6,000   6,000 A 
Delta Grow 9700  6,000   6,000   5,462 B 
Dyna-Gro 9042  6,000   6,000   6,000 A 
Dyna-Gro 9171  6,000   6,000   6,000 A 
Dyna-Gro 9223  6,000   6,000   6,000 A 
Dyna-Gro 9343  6,000   6,000   6,000 A 
Equity Brand Sienna  6,000   6,000   6,000 A 
KAS 5058  6,000   6,000   6,000 A 
KAS S1200  6,000   6,000   6,000 A 
KY03C-1237-05  6,000   6,000   6,000 A 
KY03C-1237-12  6,000   6,000   6,000 A 
Pembroke 2008  3,371   6,000   6,000 A 
Pembroke 2014  6,000   6,000   6,000 A 
Pembroke 2016  6,000   6,000   6,000 A 
Pioneer variety 25R32  6,000   6,000   6,000 A 
Pioneer variety 25R40  6,000   6,000   6,000 A 
Pioneer variety 25R78  6,000   6,000   6,000 A 
Pioneer variety 26R10  6,000   6,000   5,462 B 
Pioneer variety 26R20  6,000   6,000   4,172 D 
Pioneer variety 26R41  6,000   6,000   6,000 A 
Pioneer variety 26R53  6,000   6,000   6,000 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.84 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 10.5.3 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 10.5.3 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  6,000   6,000   6,000 A‡ 
Seed Consultants 1321  6,000   6,000   6,000 A 
Seed Consultants 1342  6,000   6,000   6,000 AB 
Southern States 8340  6,000   6,000   6,000 A 
Southern States 8412  6,000   6,000   6,000 A 
Southern States 8700  6,000   6,000   6,000 A 
STEYER HUNKER  6,000   6,000   6,000 A 
STEYER PIERSON  6,000   6,000   6,000 A 
SYNGENTA SY 483  6,000   6,000   6,000 A 
Terral TV8525  6,000   6,000   6,000 A 
Terral TV8848  4,660   6,000   6,000 A 
Terral TV8861  6,000   6,000   6,000 A 
Truman  6,000   6,000   6,000 A 
USG 3251  6,000   6,000   6,000 A 
USG 3438  6,000   6,000   4,977 C 
USG 3612  6,000   6,000   6,000 A 
USG 3993   6,000     6,000     5,462 B 
P-value  0.9624   1.0000   <.0001  
Mean  5,921   6,000   5,860  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.85 Cumulative growing degree days (GDD) from the date of planting to Feekes 
11.4 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  6,000 A‡  6,000   6,000 A 
AgriMAXX 413  6,000 A  6,000   6,000 A 
AgriMAXX 415  6,000 A  6,000   6,000 A 
ARMOR HAVOC  6,000 A  6,000   6,000 A 
ARMOR OCTANE  6,000 A  6,000   6,000 A 
ARMOR RAMPAGE  6,000 A  6,000   6,000 A 
ARMOR VANDAL  6,000 A  6,000   6,000 A 
BECK 113  6,000 A  6,000   4,186  
BECK 120  6,000 A  6,000   6,000 A 
BECK 129  6,000 A  6,000   6,000 A 
Bess  6,000 A  6,000   5,695 A 
Clark  6,000 A  6,000   6,000 A 
Delta Grow 7200  6,000 A  6,000   6,000 A 
Delta Grow 9700  6,000 A  6,000   5,695 A 
Dyna-Gro 9042  6,000 A  6,000   6,000 A 
Dyna-Gro 9171  6,000 A  6,000   6,000 A 
Dyna-Gro 9223  6,000 A  6,000   6,000 A 
Dyna-Gro 9343  6,000 A  6,000   6,000 A 
Equity Brand Sienna  6,000 A  6,000   6,000 A 
KAS 5058  6,000 A  6,000   6,000 A 
KAS S1200  6,000 A  6,000   6,000 A 
KY03C-1237-05  6,000 A  6,000   6,000 A 
KY03C-1237-12  6,000 A  6,000   6,000 A 
Pembroke 2008  4,692 C  6,000   6,000 A 
Pembroke 2014  6,000 A  6,000   6,000 A 
Pembroke 2016  6,000 A  6,000   6,000 A 
Pioneer variety 25R32  6,000 A  6,000   6,000 A 
Pioneer variety 25R40  6,000 A  6,000   6,000 A 
Pioneer variety 25R78  6,000 A  6,000   6,000 A 
Pioneer variety 26R10  6,000 A  6,000   5,695 A 
Pioneer variety 26R20  6,000 A  6,000   5,086  
Pioneer variety 26R41  6,000 A  6,000   6,000 A 
Pioneer variety 26R53  6,000 A  6,000   6,000 A 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.85 (continued) Cumulative growing degree days (GDD) from the date of planting to 
Feekes 11.4 for three field trials when planted in March. 
    GDD† Date of Planting to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  6,000 A‡  6,000   6,000 A 
Seed Consultants 1321  6,000 A  6,000   6,000 A 
Seed Consultants 1342  6,000 A  6,000   6,000 A 
Southern States 8340  6,000 A  6,000   6,000 A 
Southern States 8412  6,000 A  6,000   6,000 A 
Southern States 8700  6,000 A  6,000   6,000 A 
STEYER HUNKER  6,000 A  6,000   6,000 A 
STEYER PIERSON  6,000 A  6,000   6,000 A 
SYNGENTA SY 483  6,000 A  6,000   6,000 A 
Terral TV8525  6,000 A  6,000   6,000 A 
Terral TV8848  5,137 B  6,000   6,000 A 
Terral TV8861  6,000 A  6,000   6,000 A 
Truman  6,000 A  6,000   6,000 A 
USG 3251  6,000 A  6,000   6,000 A 
USG 3438  6,000 A  6,000   5,390  
USG 3612  6,000 A  6,000   6,000 A 
USG 3993   6,000 A   6,000     5,695 A 
P-value  <.0001   1.0000   <.0001  
Mean  5,957   6,000   5,909  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.86 Cumulative growing degree days (GDD) from emergence to Feekes 3 for 
three field trials when planted in March. 
    GDD† Emergence to Feekes 3 
Cultivar  
Princeton 
2016   
Princeton 
2017   Lexington 2017 
AgriMAXX 412  844   488   1,490 ABCDEFGHI‡ 
AgriMAXX 413  1,106   384   1,630 A 
AgriMAXX 415  963   331   1,429 CDEFGHIJKLM 
ARMOR HAVOC  781   326   1,414 CDEFGHIJKLM 
ARMOR OCTANE  797   334   1,419 CDEFGHIJKLM 
ARMOR RAMPAGE  892   392   1,481 ABCDEFGHIJK 
ARMOR VANDAL  749   451   1,534 ABCDE 
BECK 113  617   311   1,559 ABCD 
BECK 120  1,012   392   1,490 ABCDEFGHI 
BECK 129  781   349   1,392 DEFGHIJKLM 
Bess  822   472   1,324 JKLM 
Clark  566   369   1,490 ABCDEFGH 
Delta Grow 7200  1,161   362   1,425 CDEFGHIJKLM 
Delta Grow 9700  971   392   1,341 HIJKLM 
Dyna-Gro 9042  829   .   1,484 ABCDEFGHIJ 
Dyna-Gro 9171  797   357   1,429 CDEFGHIJKLM 
Dyna-Gro 9223  787   439   1,319 KLM 
Dyna-Gro 9343  861   311   1,445 ABCDEFGHIJKLM 
Equity Brand Sienna  778   381   1,414 CDEFGHIJKLM 
KAS 5058  604   381   1,399 CDEFGHIJKLM 
KAS S1200  882   376   1,439 BCDEFGHIJKLM 
KY03C-1237-05  876   337   1,315 LM 
KY03C-1237-12  653   379   1,351 GHIJKLM 
Pembroke 2008  987   392   1,399 CDEFGHIJKLM 
Pembroke 2014  892   358   1,437 BCDEFGHIJKLM 
Pembroke 2016  748   427   1,353 GHIJKLM 
Pioneer variety 25R32  908   384   1,489 ABCDEFGHI 
Pioneer variety 25R40  781   334   1,371 EFGHIJKLM 
Pioneer variety 25R78  702   311   1,305 M 
Pioneer variety 26R10  781   324   1,328 IJKLM 
Pioneer variety 26R20  915   386   1,351 GHIJKLM 
Pioneer variety 26R41  829   427   1,390 DEFGHIJKLM 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
  
233 
 
Table 3.86 (continued) Cumulative growing degree days (GDD) from emergence to Feekes 3 
for three field trials when planted in March. 
    GDD† Emergence to Feekes 3 
Cultivar   
Princeton 
2016  
Princeton 
2017  Lexington 2017 
Pioneer variety 26R53  987   361   1,486 ABCDEFGHIJ‡ 
PROGENY P 117  821   334   1,344 HIJKLM 
Seed Consultants 1321  1,000   403   1,516 ABCDEFG 
Seed Consultants 1342  987   454   1,562 ABC 
Southern States 8340  727   380   1,524 ABCDEF 
Southern States 8412  653   311   1,402 CDEFGHIJKLM 
Southern States 8700  846   392   1,413 CDEFGHIJKLM 
STEYER HUNKER  797   633   1,471 ABCDEFGHIJKL 
STEYER PIERSON  796   487   1,443 BCDEFGHIJKLM 
SYNGENTA SY 483  702   396   1,474 ABCDEFGHIJKL 
Terral TV8525  796   397   1,555 ABCD 
Terral TV8848  702   345   1,361 FGHIJKLM 
Terral TV8861  890   381   1,330 HIJKLM 
Truman  749   358   1,602 AB 
USG 3251  892   368   1,350 GHIJKLM 
USG 3438  844   408   1,410 CDEFGHIJKLM 
USG 3612  797   384   1,351 GHIJKLM 
USG 3993   902     399     1,342 HIJKLM 
P-value  0.1629   0.3043   0.0081  
Mean  831   385   1,427  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.87 Cumulative growing degree days (GDD) from Feekes 3 to 5 for three field 
trials when planted in March. 
    GDD† Feekes 3 to Feekes 5 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  1,819   490 BCD‡  667 GHIJKLM 
AgriMAXX 413  1,745   533 BCD  794 BCDEFGHIJKL 
AgriMAXX 415  1,619   569 BCD  882 ABCDEFGH 
ARMOR HAVOC  1,186   549 BCD  707 EFGHIJKLM 
ARMOR OCTANE  1,412   549 BCD  701 FGHIJKLM 
ARMOR RAMPAGE  1,101   515 BCD  791 BCDEFGHIJKL 
ARMOR VANDAL  1,186   879 A  731 DEFGHIJKL 
BECK 113  1,634   585 BC  611 IJKLM 
BECK 120  1,077   528 BCD  884 ABCDEFGH 
BECK 129  1,186   525 BCD  582 LM 
Bess  1,361   494 BCD  688 FGHIJKLM 
Clark  1,944   566 BCD  791 BCDEFGHIJKL 
Delta Grow 7200  832   569 BCD  836 BCDEFGHI 
Delta Grow 9700  1,212   543 BCD  676 HIJKLM 
Dyna-Gro 9042  1,029   331 E  695 EFGHIJKLM 
Dyna-Gro 9171  1,460   593 BC  922 ABCDEF 
Dyna-Gro 9223  1,397   550 BCD  830 BCDEFGHIJ 
Dyna-Gro 9343  1,106   572 BC  644 HIJKLM 
Equity Brand Sienna  2,420   541 BCD  898 ABCDEFG 
KAS 5058  1,579   597 BC  801 BCDEFGHIJK 
KAS S1200  1,772   532 BCD  927 ABCDEF 
KY03C-1237-05  1,491   567 BCD  1,017 AB 
KY03C-1237-12  1,530   478 CDE  607 JKLM 
Pembroke 2008  1,625   528 BCD  841 ABCDEFGHI 
Pembroke 2014  1,413   538 BCD  752 CDEFGHIJKL 
Pembroke 2016  1,073   497 BCD  622 HIJKLM 
Pioneer variety 25R32  1,301   574 BC  740 DEFGHIJKL 
Pioneer variety 25R40  1,186   549 BCD  839 ABCDEFGHI 
Pioneer variety 25R78  1,481   572 BC  916 ABCDEF 
Pioneer variety 26R10  1,186   468 CDE  811 BCDEFGHIJK 
Pioneer variety 26R20  1,187   526 BCD  614 IJKLM 
Pioneer variety 26R41  1,428   456 CDE  901 ABCDEFG 
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
235 
 
Table 3.87 (continued) Cumulative growing degree days (GDD) from Feekes 3 to 5 for three 
field trials when planted in March. 
    GDD† Feekes 3 to Feekes 5 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53  1,387   502 BCD‡  604 KLM 
PROGENY P 117  1,714   549 BCD  998 ABC 
Seed Consultants 1321  967   500 BCD  715 DEFGHIJKL 
Seed Consultants 1342  1,006   415 DE  859 ABCDEFGH 
Southern States 8340  1,456   503 BCD  666 GHIJKLM 
Southern States 8412  1,314   585 BC  540 M 
Southern States 8700  1,337   398 DE  942 ABCDE 
STEYER HUNKER  1,386   373 DE  760 BCDEFGHIJKL 
STEYER PIERSON  1,354   458 CDE  857 ABCDEFGH 
SYNGENTA SY 483  2,625   560 BCD  910 ABCDEFGH 
Terral TV8525  1,909   550 BCD  777 BCDEFGHIJKL 
Terral TV8848  1,725   562 BCD  920 ABCDEF 
Terral TV8861  1,387   515 BCD  1,110 A 
Truman  1,186   607 BC  638 HIJKLM 
USG 3251  1,413   599 BC  839 ABCDEFGHI 
USG 3438  1,772   550 BCD  600 KLM 
USG 3612  1,170   546 BCD  961 ABCD 
USG 3993   1,281     638 B   731 DEFGHIJKL 
P-value  0.1244   0.0474   0.0001  
Mean  1,427   535   783  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.88 Cumulative growing degree days (GDD) from Feekes 5 to 6 for three field 
trials when planted in March. 
    GDD† Feekes 5 to Feekes 6 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412  .   .   .  
AgriMAXX 413  .   .   .  
AgriMAXX 415  .   .   .  
ARMOR HAVOC  .   .   .  
ARMOR OCTANE  1,290   .   .  
ARMOR RAMPAGE  .   .   .  
ARMOR VANDAL  .   .   .  
BECK 113  .   .   513  
BECK 120  .   .   .  
BECK 129  .   .   .  
Bess  .   .   .  
Clark  .   .   .  
Delta Grow 7200  .   .   .  
Delta Grow 9700  .   .   .  
Dyna-Gro 9042  .   .   .  
Dyna-Gro 9171  794   .   .  
Dyna-Gro 9223  .   .   .  
Dyna-Gro 9343  .   .   .  
Equity Brand Sienna  .   .   .  
KAS 5058  .   .   .  
KAS S1200  .   .   .  
KY03C-1237-05  .   .   .  
KY03C-1237-12  .   .   .  
Pembroke 2008  .   .   .  
Pembroke 2014  .   .   .  
Pembroke 2016  .   .   .  
Pioneer variety 25R32  .   .   .  
Pioneer variety 25R40  .   .   .  
Pioneer variety 25R78  980   .   .  
Pioneer variety 26R10  .   .   .  
Pioneer variety 26R20  1,060   .   990  
Pioneer variety 26R41  656   .   .  
Pioneer variety 26R53  .   .   .  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.88 (continued) Cumulative growing degree days (GDD) from Feekes 5 to 6 for three 
field trials when planted in March. 
    GDD† Feekes 5 to Feekes 6 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117  .   .   .  
Seed Consultants 1321  .   .   .  
Seed Consultants 1342  .   .   .  
Southern States 8340  .   .   .  
Southern States 8412  .   .   .  
Southern States 8700  1,714   .   .  
STEYER HUNKER  .   .   .  
STEYER PIERSON  .   .   .  
SYNGENTA SY 483  .   .   .  
Terral TV8525  .   .   .  
Terral TV8848  .   .   548  
Terral TV8861  .   .   .  
Truman  .   .   .  
USG 3251  553   .   .  
USG 3438  .   .   .  
USG 3612  1,201   .   .  
USG 3993   .     .     .   
P-value  0.1346      0.1919  
Mean  1,031      683  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.89 Cumulative growing degree days (GDD) from Feekes 6 to 9 for three field 
trials when planted in March. 
    GDD† Feekes 6 to Feekes 9 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412     .     
AgriMAXX 413     .     
AgriMAXX 415     .     
ARMOR HAVOC     .     
ARMOR OCTANE     .     
ARMOR RAMPAGE     .     
ARMOR VANDAL     .     
BECK 113     .   482 C‡ 
BECK 120     .     
BECK 129     .     
Bess     .     
Clark     .     
Delta Grow 7200     .     
Delta Grow 9700     .     
Dyna-Gro 9042     .     
Dyna-Gro 9171     .     
Dyna-Gro 9223     .     
Dyna-Gro 9343     .     
Equity Brand Sienna     .     
KAS 5058     .     
KAS S1200     .     
KY03C-1237-05     .     
KY03C-1237-12     .     
Pembroke 2008     .     
Pembroke 2014     .     
Pembroke 2016     .     
Pioneer variety 25R32     .     
Pioneer variety 25R40     .     
Pioneer variety 25R78     .     
Pioneer variety 26R10     .     
Pioneer variety 26R20     .   965 B 
Pioneer variety 26R41     .     
Pioneer variety 26R53     .     
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.89 (continued) Cumulative growing degree days (GDD) from Feekes 6 to 9 for three 
field trials when planted in March. 
    GDD† Feekes 6 to Feekes 9 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117     .     
Seed Consultants 1321     .     
Seed Consultants 1342     .     
Southern States 8340     .     
Southern States 8412     .     
Southern States 8700     .     
STEYER HUNKER     .     
STEYER PIERSON     .     
SYNGENTA SY 483     .     
Terral TV8525     .     
Terral TV8848     .   1,741 A‡ 
Terral TV8861     .     
Truman     .     
USG 3251     .     
USG 3438     .     
USG 3612     .     
USG 3993         .         
P-value  -      0.0402  
Mean        1,063  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.90 Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for three 
field trials when planted in March. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar  Princeton 2016   Princeton 2017   Lexington 2017 
AgriMAXX 412     .   .  
AgriMAXX 413     .   .  
AgriMAXX 415     .   .  
ARMOR HAVOC     .   .  
ARMOR OCTANE     .   .  
ARMOR RAMPAGE     .   .  
ARMOR VANDAL     .   .  
BECK 113     .   416 B‡ 
BECK 120     .   .  
BECK 129     .   .  
Bess     .   .  
Clark     .   .  
Delta Grow 7200     .   .  
Delta Grow 9700     .   484 AB 
Dyna-Gro 9042     .   .  
Dyna-Gro 9171     .   .  
Dyna-Gro 9223     .   .  
Dyna-Gro 9343     .   .  
Equity Brand Sienna     .   .  
KAS 5058     .   .  
KAS S1200     .   .  
KY03C-1237-05     .   .  
KY03C-1237-12     .   .  
Pembroke 2008     .   .  
Pembroke 2014     .   .  
Pembroke 2016     .   .  
Pioneer variety 25R32     .   .  
Pioneer variety 25R40     .   .  
Pioneer variety 25R78     .   .  
Pioneer variety 26R10     .   205 C 
Pioneer variety 26R20     .   446 AB 
Pioneer variety 26R41     .   .  
Pioneer variety 26R53     .   .  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.90 (continued) Cumulative growing degree days (GDD) from Feekes 9 to 10.5.1 for 
three field trials when planted in March. 
    GDD† Feekes 9 to Feekes 10.5.1 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117     .   .  
Seed Consultants 1321     .   .  
Seed Consultants 1342     .   .  
Southern States 8340     .   .  
Southern States 8412     .   .  
Southern States 8700     .   .  
STEYER HUNKER     .   .  
STEYER PIERSON     .   .  
SYNGENTA SY 483     .   .  
Terral TV8525     .   .  
Terral TV8848     .   .  
Terral TV8861     .   .  
Truman     .   .  
USG 3251     .   .  
USG 3438     .   172 C‡ 
USG 3612     .   .  
USG 3993         .     619 A  
P-value  -      0.0099  
Mean        390  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
‡Means followed by different letters within a column are significantly (P < 0.05) 
different. 
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Table 3.91 Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 for 
three field trials when planted in March. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar  
Princeton 
2016   Princeton 2017   Lexington 2017 
AgriMAXX 412     .   .  
AgriMAXX 413     .   .  
AgriMAXX 415     .   .  
ARMOR HAVOC     .   .  
ARMOR OCTANE     .   .  
ARMOR RAMPAGE     .   .  
ARMOR VANDAL     .   .  
BECK 113     .   134  
BECK 120     .   .  
BECK 129     .   .  
Bess     .   .  
Clark     .   .  
Delta Grow 7200     .   .  
Delta Grow 9700     .   48  
Dyna-Gro 9042     .   .  
Dyna-Gro 9171     .   .  
Dyna-Gro 9223     .   .  
Dyna-Gro 9343     .   .  
Equity Brand Sienna     .   .  
KAS 5058     .   .  
KAS S1200     .   .  
KY03C-1237-05     .   .  
KY03C-1237-12     .   .  
Pembroke 2008  76   .   .  
Pembroke 2014     .   .  
Pembroke 2016     .   .  
Pioneer variety 25R32     .   .  
Pioneer variety 25R40     .   .  
Pioneer variety 25R78     .   .  
Pioneer variety 26R10     .   95  
Pioneer variety 26R20     .   81  
Pioneer variety 26R41     .   .  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
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Table 3.91 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.1 to 10.5.3 
for three field trials when planted in March. 
    GDD† Feekes 10.5.1 to Feekes 10.5.3 
Cultivar   
Princeton 
2016  Princeton 2017  Lexington 2017 
Pioneer variety 26R53     .   .  
PROGENY P 117     .   .  
Seed Consultants 1321     .   .  
Seed Consultants 1342     .   .  
Southern States 8340     .   .  
Southern States 8412     .   .  
Southern States 8700     .   .  
STEYER HUNKER     .   .  
STEYER PIERSON     .   .  
SYNGENTA SY 483     .   .  
Terral TV8525     .   .  
Terral TV8848     .   .  
Terral TV8861     .   .  
Truman     .   .  
USG 3251     .   .  
USG 3438     .   182  
USG 3612     .   .  
USG 3993         .     95   
P-value  -      0.4302  
Mean  76      106  
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32)  
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Table 3.92 Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 for three 
field trials when planted in March. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar  Princeton 2016  Princeton 2017    Lexington 2017 
AgriMAXX 412     .     
AgriMAXX 413     .     
AgriMAXX 415     .     
ARMOR HAVOC     .     
ARMOR OCTANE     .     
ARMOR RAMPAGE     .     
ARMOR VANDAL     .     
BECK 113     .     
BECK 120     .     
BECK 129     .     
Bess     .     
Clark     .     
Delta Grow 7200     .     
Delta Grow 9700     .     
Dyna-Gro 9042     .     
Dyna-Gro 9171     .     
Dyna-Gro 9223     .     
Dyna-Gro 9343     .     
Equity Brand Sienna     .     
KAS 5058     .     
KAS S1200     .     
KY03C-1237-05     .     
KY03C-1237-12     .     
Pembroke 2008  680   .     
Pembroke 2014     .     
Pembroke 2016     .     
Pioneer variety 25R32     .     
Pioneer variety 25R40     .     
Pioneer variety 25R78     .     
Pioneer variety 26R10     .     
Pioneer variety 26R20     .     
Pioneer variety 26R41     .     
Pioneer variety 26R53     .     
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
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Table 3.92 (continued) Cumulative growing degree days (GDD) from Feekes 10.5.3 to 11.4 
for three field trials when planted in March. 
    GDD† Feekes 10.5.3 to Feekes 11.4 
Cultivar   Princeton 2016  Princeton 2017  Lexington 2017 
PROGENY P 117     .     
Seed Consultants 1321     .     
Seed Consultants 1342     .     
Southern States 8340     .     
Southern States 8412     .     
Southern States 8700     .     
STEYER HUNKER     .     
STEYER PIERSON     .     
SYNGENTA SY 483     .     
Terral TV8525     .     
Terral TV8848  953   .     
Terral TV8861     .     
Truman     .     
USG 3251     .     
USG 3438     .     
USG 3612     .     
USG 3993         .        
P-value  0.0997        
Mean  817        
†Cumulative Growing Degree Days (GDD) calculated as Ʃ (average daily temperature 
[in °F] – 32) 
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Table 3.93 Mean number of cumulative growing degree days (GDD) required to eight 
critical winter wheat growth stages averaged across October and November seeding dates 
from field trials at Princeton, 2016 and 2017 and Lexington, KY, 2017. 
Predicted Growth Stage Cumulative GDD 
Emergence 356 
Feekes 3 1,462 
Feekes 5 1,987 
Feekes 6 2,170 
Feekes 9 2,594 
Feekes 10.5.1 2,996 
Feekes 10.5.3 3,123 
Feekes 11.4 4,699 
247 
 
Table 3.94 Predicted date of eight critical winter wheat growth stages using a simple 
prediction tool for statewide cumulative growing degree-day (GDD) for ten years, 2008 
to 2017, in Kentucky. 
 Predicted Date of Occurrence for Critical Growth Stages† 
Year E‡ F3 F5 F6 F9 F10.5.1 F10.5.3 F11.4 
2008 26-Oct 5-Feb 28-Mar 7-Apr 24-Apr 8-May 12-May 23-Jun 
2009 1-Nov 8-Mar 4-Apr 14-Apr 29-Apr 11-May 16-May 25-Jun 
2010 31-Oct 14-Mar 6-Apr 13-Apr 29-Apr 11-May 14-May 21-Jun 
2011 27-Oct 5-Mar 5-Apr 10-Apr 25-Apr 10-May 13-May 21-Jun 
2012 1-Nov 30-Jan 12-Mar 18-Mar 30-Mar 15-Apr 19-Apr 3-Jun 
2013 28-Oct 9-Feb 7-Apr 12-Apr 29-Apr 13-May 17-May 25-Jun 
2014 1-Nov 22-Mar 17-Apr 24-Apr 7-May 20-May 23-May 29-Jun 
2015 29-Oct 21-Mar 6-Apr 18-Apr 5-May 15-May 19-May 26-Jun 
2016 28-Oct 26-Dec 28-Feb 10-Mar 29-Mar 17-Apr 21-Apr 7-Jun 
2017 25-Oct 11-Jan 19-Feb 27-Feb 25-Mar 9-Apr 13-Apr 7-Jun 
†Seeding date of 15 Oct. assumed for Cumulative GDD calculation to all growth stages  
‡E= Emergence; F3= Feekes 3 (green-up); F5= Feekes 5 (pseudostem erection); F6= 
Feekes 6 (jointing); F9= Feekes 9 (flag leaf); F10.5.1= Feekes 10.5.1 (beginning flower); 
F10.5.3= Feekes 10.5.3 (full flower); F11.4= Feekes 11.4 (harvest maturity) 
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Figure 3.1 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines and eight negative water controls for KASP marker wMAS000024, which detects 
Ppd-D1a photoperiod insensitive and Ppd-D1b photoperiod sensitive alleles. 
■ Lines with the Ppd-D1a photoperiod insensitive allele; ▲ Lines with the Ppd-D1b 
photoperiod sensitive allele; ● Negative water controls; ▼ Lines that did not clearly 
genotype with the wMAS000024 marker. 
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Figure 3.2 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, and nine negative water controls for KASP marker Ppd-A1prodel, which detects the 
Ppd-A1a.1 photoperiod insensitive and Ppd-A1b photoperiod sensitive alleles. 
■ Lines with the Ppd-A1a.1 photoperiod insensitive allele; ▲ Lines with the Ppd-A1b 
photoperiod sensitive allele; ● Negative water controls; ▼ Lines that did not clearly 
genotype with the Ppd-A1prodel marker. 
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Figure 3.3 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines and nine negative water controls for KASP marker wMAS000027, which detects 
Ppd-B1a photoperiod insensitive and Ppd-B1b photoperiod sensitive alleles. 
▲ Lines with the Ppd-B1b photoperiod sensitive allele; ■ lines with the Ppd-B1a 
photoperiod insensitive allele ● Negative water controls; ▼ Lines that did not clearly 
genotype with the wMAS000027 marker 
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Figure 3.4 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines and nine negative water controls for KASP marker TaPpdBJ003, which detects the 
Ppd-B1a photoperiod insensitive allele. 
▼ Lines that did not clearly genotype with the TaPpdBJ003 marker; ● Negative water 
controls. 
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Figure 3.5 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines and eight negative water controls for KASP marker wMAS000001, which detects 
Rht-B1a wild type tall and Rht-B1b semi-dwarf reduced height alleles. 
■ Lines with the Rht-B1b semi-dwarf allele; ▲ Lines with the Rht-B1a wild type tall 
allele; ▼Lines that did not clearly genotype with the wMAS000001 marker; ● Negative 
water controls. 
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Figure 3.6 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines and eight negative water controls for KASP marker wMAS000002, which detects 
Rht-D1a wild type tall and Rht-D1b semi-dwarf reduced height alleles. 
■ Lines with the Rht-D1b semi-dwarf allele; ▲ Lines with the Rht-D1a wild type tall 
allele; ▼Lines that did not clearly genotype with the wMAS000002 marker; ● Negative 
water controls. 
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Figure 3.7 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring cultivar, and nine negative water controls for KASP 
marker wMAS000033, which detects Vrn-A1 spring and winter growth habit alleles. 
▲ Lines with the Vrn-A1 winter growth habit allele; ● Negative water controls;                
♦ ‘Norden’ with the Vrn-A1 spring growth habit allele. 
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Figure 3.8 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker Vrn-B1_I_D, which detects Vrn-B1 spring and vrn-B1 winter growth habit 
alleles. 
▲Lines with the vrn-B1 winter growth allele; ♦ ‘Norden’ with the Vrn-B1 spring allele; ● 
Negative water controls. 
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Figure 3.9 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker wMAS000034, which detects vrn-A1a and vrn-A1b vernalization 
requirement duration alleles. 
▼ Lines that did not clearly genotype with the wMAS000034 marker; ♦ ‘Norden’;          
● Negative water controls. 
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Figure 3.10 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker wMAS000035, which detects the Vrn-A1b spring growth habit allele. 
▼ Lines that did not clearly genotype with the wMAS000035 marker; ♦ ‘Norden’;           
● Negative water controls. 
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Figure 3.11 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker wMAS000037, which detects the Vrn-B1b spring growth habit allele. 
▼ Lines that did not clearly genotype with the wMAS000037 marker; ♦ ‘Norden’;          
● Negative water controls. 
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Figure 3.12 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker Vrn-B1_C, which detects the Vrn-B1c spring growth habit allele. 
▼ Lines that did not clearly genotype with the Vrn-B1_C marker; ♦ ‘Norden’;                
● Negative water controls.  
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Figure 3.13 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker TaVrn-B1_1752, which detects vrn-B1 short and vrn-B1 long vernalization 
requirement duration alleles. 
▼ Lines that did not clearly genotype with the TaVrn-B1_1752 marker; ♦ ‘Norden’;       
● Negative water controls. 
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Figure 3.14 Fluorescence intensity of 50 soft red winter wheat cultivars and experimental 
lines, ‘Norden’ hard red spring wheat cultivar, and nine negative water controls for 
KASP marker wMAS000039, which detects the Vrn-D1a spring growth habit allele.     
▼ Lines that did not clearly genotype with the wMAS000039 marker; ♦ ‘Norden’;           
● Negative water controls. 
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Figure 3.15 Number of days to full flower after 3, 6, and 9-week vernalization treatments 
for 50 soft red winter wheat cultivars and experimental lines in greenhouse trials at 
Lexington, KY in 2017 and Princeton, KY in 2016. 
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Figure 3.16 Cumulative vernalization days when 50 soft red winter wheat cultivars and 
experimental lines were vernalized outdoors for 3, 6, and 9 weeks at Lexington, KY, 
2017 and Princeton, KY, 2016.   
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Figure 3.17 Cumulative vernalization days when 50 soft red winter wheat cultivars and 
experimental lines were planted into hill plots at six dates from October to March at 
Lexington and Princeton, KY. 
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Chapter 4 : Conclusion 
Establishment of a simple prediction tool based upon cumulative growing degree-day 
(GDD) to estimate date of key developmental stages in soft red winter wheat (SRWW) 
could assist in agronomic management by allowing producers to estimate the growth 
stage of their crop even in years when winter wheat growth is delayed or advanced due to 
variability in climate or weather pattern.  Additionally, producers would be able to 
allocate inputs in a timely fashion and implement pest control methods for SRWW only 
when warranted.  Unfortunately, no such GDD estimates exist for SRWW due to the 
complexity of vernalization requirement photoperiod sensitivity effects on SRWW 
growth.   
To develop a simple prediction tool for SRWW growth and development, 50 SRWW 
cultivars, adapted to Kentucky production, were characterized for photoperiod sensitivity 
and relative vernalization requirement in laboratory, greenhouse and field experiments. 
These assays ensured that the adapted cultivars grown by Kentucky producers had a 
range of photoperiod sensitivity and relative vernalization requirement. A scale of 
cumulative GDD required to emergence, green-up, pseudo-stem erection, jointing, flag 
leaf, beginning flower, full flower, and harvest maturity was determined in field assays 
for Kentucky SRWW.  Strong relationships were detected between the cumulative GDD 
scale developed here for four of the eight critical growth stages and cumulative GDD for 
four of the critical growth stages calculated with data from published field experiments.  
Additionally, the cumulative GDD scale developed was validated by examining the dates 
that this model would predict each growth stage for the past ten years. All dates this 
model predicted appeared to reasonable based on historical weather data.  Therefore in 
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this study it was determined that producers can use a simple scale of cumulative GDD to 
predict SRWW growth and development in Kentucky.  
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